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DRSAR-SAA 


MEMORANDUM  FOR  RECORD:  1 1 Wt  ']l ' 

SUBJECT:  Cost  Analysis  of  M44  Periscope  Product  Improvement  Proposals 


1.  The  purpose  of  this  study  is  to  determine  the  most  cost  effective 
product  improvement  proposal  (PIP)  for  the  M44  periscope.  The  alternatives 
considered  were: 


alternative  1. 


Continue  with  the  existing  periscope  design. 


alternative  2.  Improve  the  prism  bonding  area,  convert  power  supply, 
install  a reset  relay  to  prevent  image  intensifier 
tube  damage  and  improve  the  sealing  and  purging 
system. 

alternative  3.  Modify  the  M44  periscope  body  and  use  the  M32E1 
night  vision  elbow. 


alternative  4. 


Replace  the  M44  periscope  with  the  M32E1  periscope. 


2.  The  M44  Periscope  was  the  first  periscope  to  use  the  passive  night 
vision  image  tube.  Because  of  the  length  of  this  first  generation  tube, 
periscope  designers  were  forced  to  utilize  a complex  optical  design. 

Poor  maintainability  because  of  the  complexity  has  resulted  in  high  failure 
rates  and  high  logistic  support  costs.  Alternative  2 proposes  to  correct 
these  problems  by  improving  the  existing  M44  design.  Advancements  in  the 
design  of  night  vision  devices  have  occurred  since  the  M44  periscope  was 
fielded.  Second  generation  image  intensifier  tubes  are  more  compact  and 
have  self-contained  optical  alignment  and  electrical  controls.  These 
advancements  have  enabled  the  night  vision  portions  of  the  newer  passive 
periscopes  to  be  easily  replaceable  modules.  One  of  these  designs  is  the 
M32E1  periscope.  The  third  alternative  proposes  to  modify  the  M44  body 
to  accept  the  M32E1  night  vision  elbow.  The  fourth  alternative  proposes 
to  replace  the  entire  M44  periscope  with  the  M32E1  periscope.  This  alter- 
native requires  modification  of  the  hull  as  the  openings  for  the  M44  and 
the  M32E1  are  not  the  same  size. 

3.  The  cost  of  ownership  was  determined  for  each  of  the  alternatives. 

It  was  assumed  that  each  alternative  had  been  implemented  at  the  beginning 
of  the  time  period.  It  was  further  assumed  that  1575  Sheridans  would  be 
in  use.  The  one  time  PIP  cost  and  the  yearly  maintenance  cost  was  deter- 
mined using  the  following  equation. 
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SUBJECT:  Cost  Analysis  of  M44  Periscope  Product  Improvement  Proposals 

Y =>  PT(B  (B$)  + R (R$) ) 
where: 


P * fraction  of  periscopes  replaced  due  to  usage 
B = fraction  of  replaced  items  purchased 
B$  = purchase  cost  for  one  periscope 
R = fraction  of  units  rebuilt 
R$  = cost  of  rebuilding  one  periscope 
T = total  number  of  periscopes  to  be  in  use 

The  percent  of  items  replaced,  the  percent  replacements  purchased,  and 
the  percent  of  items  rebuilt  were  determined  for  the  M44,  equipment  used 
with  the  M44,  and  for  the  M32  periscope.  These  values  and  the  cost  assoc- 
iated with  purchase  and  overhaul  are  presented  in  Table  1.  The  actual 
determination  of  these  values  is  presented  in  the  appendix.  These  values 
were  used  for  alternatives  1,  3 and  4.  The  replacement  rate  for  alter- 
native 2 is  not  known.  It  was  assumed  that  the  improved  M44  would  require 
20  percent  fewer  replacements  than  the  existing  design.  Comparing  the 
M44  and  the  M32  replacement  rates  indicates  this  assumption  provides  an 
optimistic  estimate  of  the  PIP’s  effectiveness.  The  M32fs  replacement 
rate  is  12,78  percent  (i.e,,  the  sum  of  total  periscope  replacements, 
head  replacements  and  body  replacement) . A twenty  percent  reduction  of 
M44  replacement  rate  results  in  a replacement  rate  of  11.38  percent. 
Therefore  assuming  a 20  percent  reduction  in  replacement  rate  results  in 
the  lowest  replacement  rate  for  all  alternatives  considered.  The  yearly 
replacement  costs  and  the  one  time  implementation  costs  are  presented  in 
Table  2.  The  determination  of  the  yearly  replacement  costs  is  presented 
in  the  appendix.  The  Cumulative  Cost  in  FY77  Discounted  Dollars  associated 
with  each  alternative  was  determined  for  owership  periods  for  as  long  as 
25  years.  These  data  are  presented  in  Table  3 and  Figure  1. 

4.  Comparing  the  costs  of  ownership  for  each  alternative  can  be  accomp- 
lished by  reviewing  Figure  1.  The  following  statements  can  be  made: 

a.  Alternative  1 is  the  least  costly  alternative  for  the  first  eight 
years  of  consideration,  at  which  time  alternatives  1,  2 and  3 are  equal  in 
total  cost. 

b.  Alternative  2 breaks  even  in  the  ninth  year  and  shows  a cost  savings 
when  compared  to  alternative  1 in  the  subsequent  years.  However,  after  nine 
years  alternative  2 shows  higher  costs  than  alternative  3,  even  with 
optimistic  assumption  that  alternative  2 would  require  20%  fewer  replaoe- 
raents  than  the  existing  design. 
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SUBJECT:  Cost  Analysis  of  M44  Periscope  Product  Improvement  Proposals 

c.  Alternative  3 breaks  even  in  the  ninth  year  and  in  the  subsequent 
years  Is  the  least  costly  when  compared  to  the  other  alternatives. 

d.  Alternative  4 is  always  more  costly  than  the  other  alternatives. 

It  should  be  nbted  that  two  of  the  assumptions  made  in  this  analysis 
could  affect  the  breakeven  point  for  alternatives  2 and  3.  Firstly,  It 
was  assumed  that  each  alternative  had  been  implemented  at  the  beginning 
of  the  time  period.  In  actuality,  the  product  improvements  would  have  to 
be  purchased  and  then  phased  into  the  systems.  This  will  make  the  break- 
even point  greater  than  nine  years.  Secondly,  it  was  assumed  that  all 
1575  Sheridans  would  be  in  use  during  the  entire  period  of  consideration, 
even  though  only  812  were  operating  at  the  end  of  1975.  The  projected 
overhaul  of  Sheridans  could  have  been  phased  in  or  an  estimate  of  the 
average  number  of  Sheridans  could  have  been  used.  In  either  case,  the 
breakeven  point  would  probably  be  extended  past  nine  years. 

Furthermore,  It  Is  important  to  consider  the  economic  life  of  the 
Sheridans.  If  the  Sheridans  are  going  to  be  replaced  in  5 to  10  years, 
then  it  would  not  be  economical  to  implement  any  of  the  PIPs. 

In  addition  to  cost  considerations,  other  areas  that  could  be  considered 

are: 

a)  If  alternative  3 is  selected,  maintainability  will  be  enhanced 
because  of  the  modular  construction  provided  by  this  alternative  and  the 
night  vision  elbow  in  the  M551  will  be  interchangeable  with  the  night 
vision  elbows  in  the  M60  tanks. 

b)  If  alternative  1 or  2 is  selected,  difficulty  may  be  experienced 
In  obtaining  replacement  image  intensif iertubes  as  these  first  generation 
Image  intensif ier  tubes  are  no  longer  in  production. 


ROBERT  R.  BLANKERT 


Operations  Research  Analyst 
Methodology  Division 
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TABLE  3 

CUMULATIVE  COST  OF  IMPLEMENTING  ALTERNATIVES 
FY77  CONSTANT  DISCOUNTED  DOLLARS 
ASSUMED  DISCOUNT  RATE  10% 
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Years  of  Ownership 


TABLE  A-l 


M551  Overhaul  Program 

Rebuild  Combat  Damaged  M551  CONUS  Milage  M551  Europe 

Period  Overhauls  at  Anniston  Overhauls  at  Anniston  Overhauls  at  Mainz 


73-74 

43 

0 

61 

75-76 

159 

0 

78 

77 

10 

61 

42 

77-78  (Projected) 

23 

192* 

56 

TOTAL 

335 

253 

237 

* 50  rebuilt  from 

Europe 

TABLE  A- 2 

Recurring  Demands  for 
M44  Periscopes 

Period  Demand 


73-74 

87 

75-76 

104 

TABLE  A- 3 

Demands  for  M44  Periscope 
Related  Equipment 

Description  Non  Recurring  Recurring  Purchase  Cost 


Panel 

FSN  1240-181-5612 

12 

3 

$241 

Panel 

FSN  1240-916-5914 

96 

12 

209 

Cable 

FSN  1240-906-7948 

96 

36 

33 

Circuit  Card 

FSN  1240-946-8829 

48 

120 

22 

11 


TABLE  A-4 


M44  Periscopes  in  Use 


YEAR  1974 

TOTAL  IN  USE  974 


1975 

812 


TABLE  A- 5 


Tank  Overhaul  Program 


Period 

M60 

M60A1 

75 

376 

163 

76 

343 

74 

77-7T 

255 

72 

78 

215 

185 

79 

62 

130 

80 

0 

101 

TOTALS 

1251 

725 

TABLE  A- 6 

Vehicles  and  M32  Periscopes  in  Use 


Vehicle  Number  Periscopes 


M60 

3,527 

7,054 

M60A2 

288 

576 

M48 

963 

963 

TOTAL 

8,593 

TABLE  A- 7 

Number  of  Periscopes  Rebuilt  and  Purchased 
with  Respective  Costs 


Number 

Purchase 

Number 

Rebuilt 

Item 

Purchase/Yr 

Cost 

Rebuilt/Yr 

Cost 

M44 

64 

15,524 

120 

1,876 

M32  Periscope 

60 

4,400 

341 

808 

M3 2 Head 

144 

1,450 

241 

368 

M32  Body 

110 

2,852 

250 

440 

12 


TABLE  A- 8 


Recurring  Demands  for  M3 2 
Periscopes  & Related  Equipment 

Complete  M32  Periscope  24/Yr 

M32  Head  385/Yr 

M3 2 Body  360/Yr 


!•  Determination  of  percent  of  M44  periscope  replaced  per  year, 

F = (R  + D)/T  EQ  ^ 

where 

P = Fraction  of  M44’s  replaced  each  year. 

R = Average  number  of  periscopes  rebuilt  with  the  mileage  rebuild 
vehicles.  (from  Table  A-l) 

D = Average  number  of  periscopes  requested  for  field  replacement  per 
year.  (from  Table  A-2) 


T = Total 

f 

number  of  M44's  in  use. 

(from  Table  A-4) 

253  + 237 

+ 37  + 104 

1 / f 974  + 812 1 

1 6 

+ 4 

J / l 2 J 

- .1447 

2.  Determination  of  fraction  of  M44  periscopes  replacements  purchased  and 
rebuilt. 


Np 

N + N 
P r 


where 


Rp  = Fraction  purchased 

Np  = Number  purchased  each  year  from  Table  A-7 

Nr  = Number  rebuilt  each  year  from  Table  A-7 

R = §4_ 

p 120  + 64 

= .348 


EQ  2 
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EQ  3 


R = 1 - R 
r P 

where 

R^  = Fraction  rebuilt 

R = 1 - .348 
r 

= .652 


3.  Now  determining  panel  replacement  rate.  To  get  peacetime  usage  of 
panels  from  Table  A-l: 

Faction  M551  inileage  overhauls  = yyyea^e-  ove^au^-s 

All  overhauls 

_ 253  + 237 

335  + 253  + 237 


= .6 

Using  equation  1 and  data  from  Table  A-3  to  determine  the  fraction  of  panel 
(FSN  1240-181-5612)  replaced. 

P = ( • 6)  (12)  + 3 
893 


= .0114 

Using  a similar  technique  for  panel  (FSN  1240-916-5914) 


= ( . 6) (96)  + 12 
893 


= .0779 

4.  Determining  cable  replacement  rate  using  equation  1 and  data  from 
Table  A-3. 


P _ (• 6) (96)  + 36 
893 

= .1048 
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5.  Determining  circuit  card  replacement  rate  using  equation  4 and  data 
from  Table  A-3. 

(.6) (48)  + 120 

893 

= .1666 

6.  Determining  the  yearly  replacement  costs  for  the  M44  periscopes. 


Cost  of  M44  purchased  for  replacement 

(.1447) (.348) (1575) ($15,524)  = $1,231,209 

Cost  of  M44  rebuild  for  replacements 

(.1447) (.652) (1575) ($1,876)  = 278,759 

Cost  of  panel  replacement  (FSN-1240-181-5612) 

(.0114) (1575) ($241)  = 4,327 

Cost  of  panel  replacement  (FSN-1240-916-5914) 

(.0779  ) (1575)  ($209)  = 25,642 

Cable  Costs 

(.1048) (1575) ($33)  = 5,447 

Circuit  card  costs 

(.1666) (1575) ($22)  - 5,773 

T0TAL  $1,551,157 


7.  Using  Equation  1 and  data  from  Tables  A-5,  A-6  and  A-8  to  calculate 
the  fraction  of  M32  periscopes  replaced. 

(1251  + 725) / 6 + 24 

8593 

= .0411 

8.  Using  equations  2 and  3 and  data  from  Table  A-7  to  determine  percent 
purchased  and  percent  rebuilt. 


p 60  + 341 
= .1496 

Rr  = . 8504 
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9.  Using  Equation  1 and  data  from  Table  A-7  to  determine  the  fraction  of 
M32  heads  replaced  per  year. 


p = 

144  + 241 

8593 

- 

.0448 

10.  Determining  the  fraction  purchases  & fraction  rebuild  using  equations 
2 & 3 and  data  from  Table  A-7. 


XJ 

II  II 

144 

385 

.374 

Rr  = 

1 - .374 

.626 

11.  Using  equation  1 and  data  from  Table  A-7  to  determine  the  number  of 
M32  bodies  replaced. 


P = 

110  + 250 

8593 

= 

.0419 

12.  Using  equations  2 & 3 and  data  from  Table  A-7  to  determine  the  fraction 
of  M32  bodies  purchased  and  the  fraction  rebuilt. 


R * 

P 

no 

110  + 250 

.3056 

*R  = 

1 - .3056 

.6944 

13.  Determining  the  yearly  replacement  costs  if  the  M32  periscope  is  used 
in  place  of  the  M44  periscope. 

Cost  of  purchasing  M32  periscopes 

(.0411) (.1496) (1575) ($4400)  * $42,610 


Cost  of  rebuilding  M32  periscopes 
(.0411) (.8504) (1575) ($808) 
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44,479 


Cost  of  purchasing  M32  periscope  heads 
(.0448) (.374) (1575) ($1450) 

= 

$38,265 

Cost  of  rebuilding  M32  periscope  heads 
(.0448) (.626) (1575) ($368) 

ss 

16,255 

Cost  of  purchasing  M32  periscope  bodies 
(.0419) (.3056) (1575)  ($2582) 

ss 

52,072 

Cost  of  rebuilding  M32  periscope  bodies 
(.0419) (.3056) (1575) ($440) 

- 

8,874 

Total  cost  of  replacement  on  M32 

$202,555 

Next  page  is  blank. 
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XM204  Howitzer  Production  Trade-Off  Analysis 


TO 


DRSAR-AS 


FROM 


DRSAR-SA 


RATS 


CMT  1 


S 5 JUl  ,j(  ' 

Mr.  Trier/plb/6370 

1.  Reference  is  made  to  DF,  DRSAR-AS  to  DRSAR-SAA  and  eight  other  Directorates, 
subject:  105mm  Howitzer  Production,  XM204,  dated  29  Mar  77. 

2.  Systems  Analysis  was  tasked  (ref  1)  to  provide  a cost  analysis  on  the  possible 
procurement  of  XM204  Howitzers  and  the  subsequent  potential  revenues  received  by 
selling  overhauled  M101A1  and  M102  Howitzers  via  Foreign  Military  Sales  (FMS) . Several 
alternative  plans  were  addressed  which  considered  replacing  all  Army  lOSirm  Howitzer 
assets  with  XM204  Howitzers,  replacing  only  those  105mm  Howitzers  in  Active  Army  units, 
or  replacing  either  all  M101A1  Howitzers  or  all  M102  Howitzers.  In  addition,  the  FMS 
selling  price  was  parameterized  to  show  how  potential  revenues  increase/decrease  as 
the  FMS  selling  price  increases/decreases.  Attached  MFR  (Incl  1)  contains  the  results 
of  this  study. 

3.  Point  of  contact  is  Mr.  Norman  H.  Trier,  extension  6370. 


Find 


as 


Director,  Systems  Analysis  Directorate 


Next  page  is  blank. 
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oro : ton  o - Ml  » 


DRSAR-SAA 


1 9 JUL  wn 

MEMORANDUM  FOR  RECORD 

SUBJECT:  XM204  Production  Trade-Off  Analysis 


1 2 

objective:  Systems  Analysis  was  tasked  ’ to  determine: 

a.  the  cost  of  producing  XM204  Howitzers  to  replace  the  Army's 
current  assets  of  M101A1  and  M102  Howitzers,  and 

b.  the  potential  net  revenues  (total  revenues  minus  overhaul  costs) 
of  selling  overhauled  M101A1  and  M102  Howitzers  via  Foreign  Military 
Sales  (FMS) . 


2.  Introduction:  The  Development  Acceptance  (DEVA)  In-Process  Review 
(IPR)  for  the  XM204  Howitzer,  a soft  recoil  105mm  Towed  Howitzer,  is 
scheduled  for  December  1977.  Depending  on  the  Development  and  Operation 
testing,  and  other  considerations  such  as  the  availability  of  funds  and 
other  higher  priority  systems,  the  Research,  Development  and  Acquisition 
Committee  (RDAC)  could  decide  to  support  the  production  of  the  XM204 
Howitzers.  If  the  XM204  Howitzers  are  produced  and  fielded,  the  current 
Army  assets  of  105mm  Howitzers  (Table  1)3»4  would  be  replaced,  and, 
according  to  the  SAMPAM5,  the  potential  distribution  of  Army  105mm 
Howitzer  assets  in  FY83  would  be  similar  to  that  shown  in  Table  2.  If 
the  XM204 ' s are  fielded,  there  is  the  possibility  of  overhauling  and 
selling  existing  Army  105mm  Howitzers  to  FMS  customers  and  diverting 
that  revenue  to  production  of  XM204  Howitzers.  This  report  addressed  the 
potential  net  revenues  which  could  be  received  from  FMS  of  existing  105mm 
Howitzers  assets  and  the  investment  which  would  be  required  to  produce 
and  field  XM204  Howitzers. 


3.  Alternatives:  Four  alternatives  (ALT  1,  2,  3,  and  4)  were  identified 
for  this  analysis  and  are  listed  in  Table  3.  Each  alternative  addresses 
the  replacement  of  the  current  Army  assets  of  105mm  Howitzers  with  new 
production  of  XM204  Howitzers. 

ALT  1 addresses  the  replacement  of  105mm  Howitzers  in  Active  Army, 
Reserves,  and  National  Guard  units  with  XM204  Howitzers.  This  is  done 
in  accordance  with  potential  distribution  of  105mm  Howitzers  as  found 
in  the  3 Jan  77  SAMPAM  (refer  to  Table  2). 


ALT  2 addresses  the  replacement  of  105mm  Howitzers  in  Active  Army 
only  with  XM204  Howitzers,  while  retaining  a mix  of  M101A1  and  M102 
Howitzers  in  the  Reserve  and  National  Guard  units. 
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TABLE  1.  CURRENT  ARMY  ASSETS  OF  105MM  HOWITZERS9 ,b 


Active 

Army 

Reserves  & 
National  Guard 

Totals 

M101A1 

300 

445 

745 

Ml  02 

449 

135 

584 

Totals 

749 

580 

1,329 

aDRSAR-MMH  DF  to  DRSAR-AS,  subject:  105mm  Howitzer  Production, 
XM204,  dated  27  Apr  77.  CONFIDENTIAL 


^Meeting  between  Mr.  Aukland,  DRSAR-MMH,  and  Mr.  Trier,  DRSAR-SA, 
subject:  Quantity  of  M101A1  and  Ml 02  Howitzers  In  Reserves  and 
National  Guard,  dated  28  Apr  77. 


TABLE  2.  POTENTIAL  DISTRIBUTION  OF  ARMY  ASSETS3 
OF  105MM  HOWITZERS 


M101A1 

Active 

Army 

Reserves  & 
National  Guard 

Totals 

Ml  02 

248 

30 

278 

XM204 

545 

573 

1,118 

Totals 

793 

603 

1,396 

aArn\y  Materiel  Plan  Summary,  3 January  1977,  Printout  numbers 
G0180000M00,  G0180100M00,  G0180200M00,  and  G0180300M00. 
CONFIDENTIAL 
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TABLE  3.  ALTERNATIVES 


ALT  1: 

a.  Produce  1,118  XM204  Howitzers  for  Active  Army,  Reserves,  and 
National  Guard. 

b.  Overhaul  745  M101A1  Howitzers  and  306  Ml 02  Howitzers. 

c.  Sell,  via  FMS,  the  overhauled  M101A1  and  Ml 02  Howitzers. 

ALT  2: 

a.  Produce  793  XM204  Howitzers  for  Active  Army  only. 

b.  Overhaul  300  M101A1  and  426  Ml 02  Howitzers  from  current  Active 
Army  assets. 

c.  Sell,  via  FMS,  the  overhauled  M101A1  and  Ml 02  Howitzers. 

ALT  3: 

a.  Produce  812  XM204  Howitzers  for  Active  Army,  Reserves,  and 
National  Guard. 

b.  Overhaul  745  M101A1  from  current  Army  assets. 

c.  Sell,  via  FMS,  the  overhauled  M101A1  Howitzers. 

ALT  4: 

a.  Produce  651  XM204  Howitzers  for  Active  Army,  Reserves,  and 
National  Guard. 

b.  Overhaul  584  Ml 02  Howitzers  from  current  Army  assets. 

c.  Sell,  via  FMS,  the  overhauled  Ml 02  Howitzers. 
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1 9 JUL  1977 

DRSAR-SAA 

SUBJECT:  XH204  Production  Trade-Off  Analysis 

ALT  3 addresses  the  replacement  of  all  M101A1  Howitzers  in  current 
Army  assets  with  XM204  Howitzers,  while  retaining  the  current  assets  of 
M102  Howitzers. 

ALT  4 addresses  the  replacement  of  all  M102  Howitzers  in  current 
Army  assets  with  XM204  Howitzers,  while  retaining  the  current  assets  of 
M101A1  Howitzers. 

For  each  of  the  four  alternatives,  the  potential  distribution  of  Army 
105mm  Howitzers  is  displayed  in  Table  4.  In  addition,  for  each  alternative, 
the  production  schedules  of  XM204  Howitzers,  the  overhaul  schedules  for 
the  M101A1  and  M102  Howitzers,  and  the  FMS  schedules  for  overhauled  M101A1 
and  M102  Howitzers  which  were  used  in  this  analysis  are  displayed  in 
Appendix  A,  Tables  A-l,  A-2,  A-3,  and  A-4. 

4.  Approach:  The  analysis  was  consistent  with  guidelines  in  AR  11-28, 
Economic  Analysis  and  Program  Evaluation  for  Resource  Management^ , in  that 
all  -Input-  dat-a  was  converted  to  constant  FY77  dollars  and  all  monies  laid 

out  in  the  out  years  were  discounted  to  FY77  by  applying  the  10%  discount 
factors . 

The  investment  costs  of  XM204  Howitzers  include  the  Initial  Production 
Facilities  (IPF) , production  costs,  initial  provisioning  and  training,  and 
publications.  The  per  unit  production  cost  estimate  includes  the  hardware 
and  support  costs,  test  ammunition,  and  first  destination  transportation. 

The  per  unit  overhaul  cost  estimate  for  both  the  M101A1  and  M102 
Howitzers  includes  labor  expenses,  general  and  administration  (G&A) 
expenses,  indirect  maintenance  expense  (IME) , materiel,  test  ammunition, 
and  transportation  charges. 

The  selling  price  of  overhauled  M101A1  and  M102  Howitzers  for  Foreign 
Military  Sales  (FMS)  was  calculated  by  applying  the  methodology  used  for 
the  FMS  of  M101A1  Howitzers  in  1976.7.8  That  is,  the  FMS  selling  price 
was  determined  as  80%  of  their  respective  standard  prices  plus  the  cost  of 
overhaul  and  test  ammunition.  Then,  since  FMS  prices  are  subject  to  change, 
the  FMS  prices  were  paramaterized  to  demonstrate  how  changes  in  selling 
price  affect  the  potential  revenue  received. 

5.  Assumptions : It  was  assumed  that: 

a.  The  production  schedule  for  XM204  Howitzers  is  feasible  when 
considering  the  workload  of  the  appropriate  manufacturing  facilities. 

b.  The  XM204  Howitzer  production  and  delivery  schedules,  the  M101A1 
and  M102  Howitzer  overhaul  schedules,  and  the  FMS  delivery  schedules  shown 
in  Tables  A-l,  A-2,  A-3,  and  A-4  are  valid  for  this  analysis. 
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TABLE  4.  POTENTIAL  DISTRIBUTION  OF  ARMY  105MM  HOWITZER  ASSETS 

FOR  EACH  ALTERNATIVE 


ALT  1: 


ALT  2: 


ALT  3: 


ALT  4: 


Active 

Army 

Reserves  & 
National  Guard 

Totals 

XM204S 

545 

573 

1,118 

M102s 

248 

30 

278 

Ml  01  AT  s 

-- 

-- 

1,396 

Total 

793 

603 

XM204S 

793 

— 

793 

Ml  02s 

158 

603 

MIOlAls 

-- 

445 

-- 

Total 

793 

603 

1,396 

XM204S 

344 

468 

812 

M102s 

449 

135 

584 

MIOlAls 

— 

— 

— 

Total 

793 

603 

1,396 

XM204s 

493 

158 

651 

Ml  02s 

— 

-- 

— 

MIOlAls 

300 

445 

745 

Total 

793" 

601 

1,356 
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DRSAR-SAA 

SUBJECT:  XM204  Production  Trade-Off  Analysis 


1 9 JUL  1977 


c.  For  FMS , the  M101A1  and  M102  Howitzers  will  be  delivered  the  same 
year  in  which  they  are  overhauled. 

d.  Cost  of  the  test  ammunition  for  the  overhauled  M101A1  and  M102 
Howitzers  is  equal  to  the  cost  of  test  ammunition  for  the  XM204  Howitzer. 

e.  The  per  unit  production'  cost  for  the  XM204  Howitzers  is  valid  for 
production  of  1,118  howitzers  for  ALT  1,  as  well  as  for  production  of 
lesser  quantities  of  howitzers  for  ALT  2,  3 and  4. 

f.  The  cost  for  IPF , initial  provisioning  and  training,  and  publica- 
tions for  the  XM204  Howitzers  are  applied  equally  to  all  four  alternatives. 

g.  Transportation  costs,  estimated  as  3%  of  the  Hardware  and  Support 
(Engineering  and  Production)  Costs  of  the  new  production  of  XM204  Howitzers, 
are  applied  equally  to  the  M101A1,  M102,  and  XM204  Howitzers. 

h.  Transportation  costs  for  FMS  will  be  paid  by  the  foreign  country 
and  are,  therefore,  not  included  in  the  estimation  of  net  revenues  received 
from  FMS  of  M101A1  and  M102  Howitzers. 

6.  Data:  The  following  data  were  used  in  this  analysis’: 

a.  Current  Army  assets  of  105mm  Howitzers  (Table  1)  are  745  M101A1 
and  584  M102  Howitzers. 

b.  XM204  Howitzer  production  and  delivery  schedules,  M101A1  and  M102 
Howitzer  overhaul  schedules,  and  FMS  schedules  for  FY81  through  FY87 
(Tables  A-l,  A-2,  A-3  and  A-4) . 

c.  FMS  selling  prices  for  overhauled  M101A1  and  M102  Howitzers  (Table 
A-5)  are  $31,193  and  $126,040,  respectively. 

d.  Overhaul  costs  for  M101A1  and  M102  Howitzers^  (Table  A— 6)  are 
$12,820  and  $36,760,  respectively. 

e.  XM204  Howitzer  estimates  are  $121. 5K  for  new  production  costs  per 
unit,  $6. 29M  for  Initial  Production_Facilities  (IPF),  $2.9M  for  initial 
provisioning  and  training,  and  $3.4M  for  publications  (Table  A-7). 

f.  Estimated  transportation  cost  is  $3.6K  for  the  XM204  Howitzer, 
the  M101A1  Howitzer,  and  the  M102  Howitzer. 
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1 9 JUL  1977 

DRSAR-SAA 

SUBJECT:  XM204  Production  Trade-Off  Analysis 

7.  Results : Table  5 displays  the  investment  costs  that  would  be  incurred 
to  procure  and  field  XM204  Howitzers  for  each  alternative.  Production 
costs  were  calculated  each  year  according  to  the  number  of  howitzers 
produced  (refer  to  production  schedules  in  Tables  A-l,  At2,  A-3,  and  A-4) . 
All  costs  were  then  discounted  to  constant  FY77  dollars. 

The  costs  of  overhauling  the  M101A1  and  M102  Howitzers  in  preparation 
for  FMS  customers  are  displayed  in  Table  A-8. These  overhaul  costs  would  be 
paid  out  of  the  revenues  obtained  from  the  FMS  customers.  Figures  1,  2,  3 
and  4 display  the  potential  net  revenues  (total  revenues  (Figures  A-l,A-2, 
A-3  and  A-4)  minus  overhaul  costs  (Table  A-9))  which  could  be  received 
from  FMS  of  M101A1  and  M102  Howitzers  for  ALT  1,  2,  3 and  4,  respectively. 
Each  figure  displays  two  curves  (straight  lines);  one  shows  the  potential 
net  revenues  obtained  by  selling  M101A1  Howitzers,  and  the  other  shows 
the  potential  revenues  obtained  by  selling  M102  Howitzers. 

In  order  to  exemplify  the  use  of  the  figures,  two  cases  shall  be 
discussed.  In  the  two  cases,  different  FMS  selling  prices  will  be  used 
to  show  how  revenue  varies  with  selling  prices.  The  selling  prices  used 
are: 


M101A1  M102 

Case  1 ^$31K  ^$126K 

Case  2 ^$97K  -\,$  97K 

The  values  for  Case  1 were  determined  as  80%  of  their  respective  standard 
prices  plus  the  cost  of  overhaul  and  test  ammunition  (see  Table  A-5) . 

The  values  for  Case  2 were  determined  as  80%  of  new  production  costs  of 
XM204  Howitzers.  Net  FMS  revenues  corresponding  to  the  selling  prices 
were  obtained  from  Figures  1,  2,  3 and  4 and  are  displayed  in  Table  6. 


TABLE  6.  NET  FMS  REVENUE  ($M) 


(In  Constant  Discounted 

FY77  Dollars) 

Quantity 

sold 

Revenues  for 

Case  1 

Revenues  for 

Case  2 

M101A1 

M102 

M101A1 

+ M102 

= TOTAL 

M101A1  + M102 

*r 

TOTAL 

ALT 

1 

745 

306 

4.8 

+ 13.0 

■=  $17. 8M 

28.5  + 8.6 

_ 

$37.  .1M 

ALT 

2 

300 

426 

2.0 

+ 18.6 

= $20. 6M 

12.2  + 12.2 

$24. 4M 

ALT 

3 

745 

- 

5.1 

+ 0.0 

- $ 5.1M 

30.4  + 0.0 

* 

$30. 4M 

ALT 

4 

— 

586 

0.0 

+ 26.0 

- $26. 0M 

0.0  + 17.1 

as 

$17. 1M 
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TABLE  5.  XM204  HOWITZER  FIELDING  COSTS 

(In  Constant  Discounted  FY77  Dollars) 


ALT  1 

XM204  Production  (Qty  = 1,118)  $71. gR 

Initial  Production  Facilities  4.6M 

Initial  Provisioning  and  Training  2.2fl 

Publications  2.4M 


TOTAL  $81. 1M 

ALT  2 

XM204  Production  (Qty  = 793)  $53. 7R 

Initial  Production  Facilities  4.6M 

Initial  Provisioning  and  Training  2.2fl 

Publications  2.4M 


TOTAL  $62. 9M 

ALT  3 

XM204  Production  (Qty  = 812)  $54. 8M 

Initial  Production  Facilities  4.6R 

Initial  Provisioning  and  Training  2.2M 

Publications  2.4fl 


TOTAL  $64. OM 

ALT  4 

XM204  Production  (Qty  = 651)  $45. OM 

Initial  Production  Facilities  4.6M 

Initial  Provisioning  and  Training  2.2R 

Publications  2.4M 


TOTAL  $54. 2M 
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DRSAR-SAA 

SUBJECT:  XM204  Production  Trade-Off  Analysis 


1 9 JUL  m 


The  net  revenues  shown  in  Table  6 would  probably  go  to  the  US  Govern- 
ment General  Revenue  Fund  for  subsequent  Congressional  appropriation.  If 
these  funds  were  reverted  to  the  XM204  program,  the  net  costs  of  each 
alternative  could  be  calculated  as  is  done  in  Table  7. 


TABLE  7.  ALTERNATIVE  NET  COSTS  FOR  XM204  HOWITZERS 
(In  Constant  Discounted  FY77  Dollars) 


Case  1: 


ALT  1 ALT  2 ALT  3 ALT  4 


XM204  Fielding  Costs 
Net  FMS  Revenues 


$81. 1M 
17.8 


$62. 9M 

20.6 


$64. 0M 

5.1 


$52. 2M 
26.0 


Net  Costs 


$63. 3M  $42. 3M  $58. 9M  $26. 2M 


Case  2: 


XM204  Fielding  Costs 
Net  FMS  Revenues 


$81. 1M 

37.1 


$62. 9M 
24.4 


$64. 0M 
30.4 


$52. 2M 

17.1 


Net  Costs 


$44. 0M  $38. 5M  $33. 6M  $35. 1M 


8.  Summary:  For  each  alternative  plan  of  fielding  XM204  Howitzers,  the 
discounted  investment  costs  were  determined.  These  costs  included  Initial 
Production  Facility  (IPF)  costs,  production  and  transportation,  initial 
provisioning  and  training,  and  publications.  It  was  determined  that: 

a.  For  ALT  1,  if  1,118  XM204  Howitzers  were  produced  and  delivered  to 
Active  Army,  Reserve,  and  National  Guard  units,  an  investment  of  $81M  will 
be  required. 

b.  For  ALT  2,  if  793  XM204  Howitzers  were  produced  and  delivered  to 
Active  Army  units  only,  an  investment  of  $63M  would  be  required. 

c.  For  ALT  3,  if  812  XM204  Howitzers  are  produced  and  delivered  to 
Active  Army,  Reserve,  and  National  Guard  units  to  replace  all  M101A1 
Howitzers,  an  investment  of  $64M  would  be  required. 
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d.  For  ALT  4,  if  651  XM204  Howitzers  were  produced  and  delivered  to 
Active  Army,  Reserve,  and  National  Guard  units  to  replace  all  M102 
Howitzers,  an  investment  of  $54M  would  be  required. 

For  each  of  the  four  alternative  plans  addressed  in  this  analysis, 
potential  net  revenues  (total  revenues  minus  overhaul  costs)  were  calculated 
for  the  sale  of  overhauled  M101A1  and  M102  Howitzers  to  Foreign  Military 
Sales  (FMS)  customers.  Figures  1,  2,  3 and  4 display  those  net  revenues 
for  ALT  1,  2,  3 and  4,  respectively. 

According  to  current  policy,  the  FMS  selling  price  for  overhauled 
M101A1  and  M102  Howitzers  would  be  ^$31K  and  ^$126K,  respectively  (Table 
A-5).  At  these  selling  prices,  the  potential  net_revenues  which  could  be 
received  for  ALT  1,  2,  3 and  4 are  $18M,  $21M,  $5M,  and  $26M  respectively. 

It  should  be  noted  that  potential  revenues  depend  directly  on  the  quantities 
of  howitzers  sold.  For  example,  if  M102  Howitzers  could  not  be  sold  (say, 
for  example,  due  to  too  high  a price  or  low  desirability),  and  only  M101A1 
Howitzers  were  sold, _ the  potential  net  revenues  for  ALT  1,  2,  3 and  4 would 
be  only  $5M,  $2M,  $5M,  and  $0M  respectively.  Lastly,  if  different  selling 
prices  could  be  justified,  the  subsequent  potential  net  revenues  could  be 
obtained  from  Figures  1,  2,  3 and  4 as  demonstrated  in  this  report. 


NORMAN  H.  TRIER 
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TABLE  A-l . SCHEDULES  FOR  ALTERNATIVE  1 
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TABLE  A-2.  SCHEDULES  FOR  ALTERNATIVE  2 
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TABLE  A-5.  ESTIMATED  FMS  SELLING  PRICE 


a,b 


M101A1  Howitzer: 

80%  of  the  standard  price  of  $21,254  = $17,003 

Overhaul  costc  = 12,820 

Test  ammunition0  = 1,370 

FMS  Selling  Price  = $31,193 

Ml 02  Howitzer: 

80%  of  the  standard  price  of  $109,887  = $ 87,910 

Overhaul  costc  = 36,760 

Test  ammunition0  = 1,370 

FMS  Selling  Price  = $126,040 


aMethod  to  compute  FMS  selling  price  and  standard  prices  for  the 
M101A1  and  M102  Howitzers  were  obtained  via  FONECON  between  Mr. 

Aukland,  DRSAR-MM  and  Mr.  Trier,  DRSAR-SA  on  25  April  1977. 

bDAL0-ILP  MSG  132055z  Sep  76  (C). 

°Data  obtained  from  DRSAR-CPE  DF  to  DRSAR-ASA,  subject:  105mm 
Howitzer  Production,  XM204,  dated  12  April  1977.  Cost  of  test 
ammunition  for  the  M101A1  and  M102  Howitzers  was  assumed  equal 
to  the  cost  of  test  ammunition  that  was  estimated  for  the  XM204 
Howitzer. 
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TABLE  A-6.  OVERHAUL  COSTS  ESTIMATES  FOR  M101A1  AND  Ml  02  HOWITZERS3 

(In  Constant  FY77  Dollars) 


M101A1  OVERHAUL  - Pron  Ml  7 OE  302021 0H3 


Labor  $ 2,894.52 
General  & Administrative  (G&A)  709.81 
Indirect  Maintenance  Expense  (IME)  2,447.98 
Materiel  6,767.98 
TOTAL  172,820.29 


Ml  02  OVERHAUL  - Pron  Ml  6 DF  3010910H3 

Labor 

G&A 

IME 

Materiel 
FY76  TOTAL 


FY77  TOTAL 


$ 3,025.10 
544.77 
2,834.59 
27,791.13 
$34,195.59 

x 1.0750 
$36,760.20 


a 


DRSAR-CPE  DF  to  DRSAR-ASA,  subject; 
dated  12  Apr  77. 


105mm  Howitzer  Production,  XM204, 
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TABLE  A- 7.  UNIT  AND  PROGRAM  COSTS  OF  THE  XM204  HOWITZER* 
(In  Constant  FY77  Dollars) 


Per  Unit  Cost  of  XM204  Howitzer  Production 


Hardware  and  Support 

$120 

,123.20 

Test  Ammunition 

1 

,370.35 

$121 

,493.65 

FY79 

FY80 

FY81 

Initial  Production  Facilities 

— 

TTom 

$5 . 29M 

Initial  Provisioning 

$0.4M 

$0.9M 

$1.6M 

Publications 

$3.4M 

‘DRSAR-CPE  DF  to  DRSAR-ASA,  subject: 

105mm  Howitzer  Production, 

XM204 , 

dated  12  Apr  77. 

TABLE  A-8.  M101A1  and  M102 

HOWITZER  OVERHAUL 

COSTS 

(In  Constant  Discounted  FY77  Dollars) 

M101A1 

Ml  02 

Qty  Cost 

Qty 

Cost 

ALT  1 745  $6. 4ft 

306 

$ 6.5M 

ALT  2 300  2.8M 

426 

9.2M 

ALT  3 745  6.8ft 

- 

- 

ALT  4 

586 

12.9M 
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4 3 


Jffifr 


Figure  A -2.  Potential  Revenues  From  FM&  Fori  ALT  2 
(In  Constant  Discounted  FT 77  Dollars) 


1 
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DEPARTMENT  OF  THE  ARMY  mTERIa  READItiESS 

HEADQUARTERS.  UNITED  STATES  ARMY  A RM  A ME  NT /COMMA  ND 
ROCK  ISLAND.  ILLINOIS  61201 


REPLY  TO 
ATTENTION  OP: 


DRSAR-SAM 


1 RUG  1977 


SUBJECT:  Analysis  of  Interior  Ballistic  Safety  Test  Data  from  the  M110A1 

Using  the  M188E1  Propelling  Charge  Subjected  to  Several  Treatments 


Project  Manager 

Cannon  Artillery  Weapons  Systems 
ATTN:  DRCPM-M110E2  (Mr.  B.  Walters) 
Rock  Island,  IL  61201 


1.  References: 

a.  Conversations  between  Mr.  B.  Walters  (DRCPM-M110E2)  and 

Mr.  G.  Schlenker  (DRSAR-SAM),  during  Jun  77,  subject:  firing  safety  of 
the  M188E1  propelling  charge. 

b.  MFR,  DRSAR-SAM,  29  Jul  77,  subject  as  above  (Incl  1). 

2.  Pursuant  to  your  request  (Ref  a)  to  DRSAR-SA  to  investigate  various 
aspects  of  a potential  firing  safety  problem  with  the  M188E1  propelling 
charge,  this  office  has  completed  an  analysis  of  the  subject  data  and 
has  formed  certain  conclusions.  Details  concerning  the  methods  of  analy- 
sis and  findings  are  contained  in  the  attached  memorandum  (Ref  b).  These 
conclusions  have  implications  for  technical  management  of  the  M188E1 
charge  to  include  product  improvements  and  are  given  below. 

3.  The  principal  finding  is  that  a significant  statistical  difference 
exists  between  the  interior  ballistics  of  sequentially  rough  handled 
charges  (set  A)  and  those  which  are  not,  i.e.,  all  others  (set  B).  A 
difference  exists  in  the  functional  relationship  between  maximum  chamber 
pressure,  prnax,  and  chamber  pressure  differential,  Ap.  An  additional 
difference  was  discovered  in  the  probability  distribution  of  the  random 
variable  Ap.  Together  these  differences  produce  quite  different  risks 
of  a catastrophic  failure  for  sets  A and  B. 

4.  Based  upon  a goal  for  the  failure  rate  of  10*^,  it  is  estimated  that 
the  rate  for  sequentially  rough  handled  charges  (set  A)  exceeds  this  goal 
by  a factor  of  64,  at  lew  temperatures  and  by  a factor  of  22  at  high 
temperatures,  whereas  charges  in  set  B meet  this  goal.  It  is  inferred 
that  certain  physical  changes,  possibly  defects,  are  produced  in  the 
M188E1  charge  due  to  rough  handling. 
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1 AUG  Kf?  < 


DRSAR-SAM 

SUBJECT:  Analysis  of  Interior  Ballistic  Safety  Test  Data  from  the  M110A1 

Using  the  M188E1  Propelling  Charge  Subjected  to  Several  Treatments 

5.  It  is  fair  to  assert  that  if  the  sequential  rough  handling  procedure 
is  representative  of  the  treatment  received  in  typical  transportation  and 
use,  that  this  charge  would  fail  to  achieve  its  safety  goal.  In  the  light 
of  the  differences  between  the  performance  of  charges  in  sets  A and  B and 
of  defects  discovered  in  a breakdown  of  rough-handled  charges,  it  is 
recommended  that  the  PM110E2  pursue  the  goal  of  identifying  and  remedying 
the  physical  causes  for  these  differences. 

6.  Clearly,  a product  improvement  must  be  initiated  if  the  risk  of  a 
catastrophic  failure  is  to  be  reduced  to  10"°.  Until  this  improvement  is 
accomplished  and  demonstrated,  it  is  prudent  to  restrict  the  firing  of 
M188E1  charges  to  those  which  demonstrably  have  not  been  rough  handled. 

It  is  also  recommended  that  a firing  test  program  (to  be  defined)  be  con- 
ducted on  future  product-improved,  unmodified  charges  which  have  been 
sequentially  rough  handled  to  assess  the  risk  of  failure  in  this  charge. 
Inferences  with  respect  to  firing  safety  of  a particular  charge  design 
drawn  from  a different  charge  are  not  warranted. 


1 Incl  (2  cy) 
as 
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t 9 Jill.  1977 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Analysis  of  Interior  Ballistic  Safety  Test  Data  from  the 

M110A1  Using  the  M188E1  Propelling  Charge  Subjected  to  Several 


1.  References: 

a.  Informal  Test  Data  Sheets,  acquired  from  DRCPM-M110E2,  subject: 
Maximum  Pressure  Data  DT  II  Test  of  the  8-Inch  Howitzer,  M188E1  Charge 
(Safety  Phase). 

b.  MFR,  STEAP-MT-G,  11  Apr  77,  subject:  M188E1  Charge-Max  Negative 
AP  Results. 

c.  MFR,  DRSAR-SAM,  23  Jun  77,  subject:  Statistical  Methods  Perti- 
nent to  a Potential  Ignition  Problem  in  the  M188E1  Propelling  Charge. 

d.  Extracts  from  a Presentation  on  Charge  Safety  by  BRL  Representa- 
tives: I.  May,  et.al.,  acquired  from  DRCPM-M1 10E2. 

2.  Background 

The  author  was  asked  by  the  PM-110E2  to  review  a potential  safety 
problem  in  the  M110A1  SP  howitzer  when  using  the  M188E1  propelling  charge. 

A catastrophic  failure  of  this  system  can  occur  if  the  maximum  chamber 
pressure,  Pmax»  exceeds  a critical  value,  beyond  which  the  base  of  pro- 
jectile fails  causing  combustion  gases  to  enter  the  warhead  cavity.  Of 
course,  this  potential  problem  is  not  unique  to  the  MHO  system;  however, 
the  quantification  of  risk  of  failure  and  causes  of  failure  may  be  peculiar 
to  this  system.  The  latter  details,  discussed  in  this  memorandum,  are 
derived  from  the  safety  test  data  of  Ref  a. 

3.  During  ignition  and  before  shot  start,  the  pressure  waves  within  the 
combustion  chamber  produce  a transient  pressure  difference  between  the 
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front  and  rear  of  the  chamber.  The  maximum  algebraic  value  of  the  front 
minus  rear  pressure  differential,  Ap,  occuring  during  ignition  has  been 
found  to  correlate  with  pm  . Although  random  variation  of  pmav  from 
round  to  round  occurs  at  a constant  value  (level)  of  Ap,  additional  vari- 
ation of  p occurs  due  to  the  stochastic  nature  of  Ap  and  the  functional 
max 

dependence  of  pmgx  on  Ap. 

4.  The  data  of  Ref  a had  previously  been  analyzed  by  STEAP-MT-G  (Ref  b) 
with  the  intention  of  discovering  the  relationship(s)  between  pmax  and  Ap 
and  identifying  the  probability  distribution  function  of  the  random  vari- 
able Ap.  Several  candidate  types  of  cumulative  distribution  functions 
(c.d.f.)  on  Ap  were  examined.  Parameters  for  each  type  of  c.d.f.  were 
estimated  from  the  data.  Goodness-of-fit  tests  (Chi-squared  and  Kolmogorov- 
Smirnov)  were  applied;  and,  on  the  basis  of  minimum  risk  of  error,  it  was 
concluded  that  the  two-parameter  Weibull  distribution  best  fits  the  Ap 
data.  The  present  analysis  supports  this  conclusion.  Within  its  scope 

the  previous  analysis  appears  to  be  well  done.  Additionally,  Ref  b 
indicated  that  further  analysis  would  be  conducted  pending  the  acquisi- 
tion of  more  firing  data.  It  is  noted  that  the  only  division  or  segre- 
gation of  the  data  for  analysis  purposes  made  in  Ref  b was  the  separate 
analysis  of  cold  (-50  deg  F)  and  hot  (145  deg  F)  temperature-conditioned 
charges.  Although  a variety  of  charge  preconditions  exist — secured 
cargo,  temperature  soak,  sequential  rough  handling,  and  no  special  treat- 
ment— these  data  were  pooled  to  assess  the  c.d.f.  of  Ap.  The  data  from 
each  of  these  charge  treatments  were  treated  discretely  in  our  analysis, 
and  a variety  of  powerful  statistical  tests  applied. 

5.  One  of  the  points  made  in  this  memorandum  is  that  the  aggregation 
of  data  from  all  charge  treatments  obscures  important  differences  in 
the  effect  of  treatment.  Although  it  is  not  obvious  from  an  initial 
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inspection  of  the  data,  it  will  be  shown  that  the  type  of  treatment 

(charge  precondition)  affects  not  only  the  c.d.f.  of  Ap  but  the  functional 

relation:  p (Ap).  Since  these  relationships  are  essential  ingredients 
max 

to  a risk  analysis  of  the  Ml  1 0A1 -Ml 88E1  system,  the  risk  of  a catastrophic 
failure  will  be  shown  to  depend  upon  charge  treatment.  This  point  is 
considered  significant  to  possible  future  product  improvement  proposals 
(PIP's)  to  the  M188E1  propelling  charge.  The  author  regards  this  memorandum 
as  an  extension  of  the  analysis  begun  by  DRSAR-SA  and  reported  in  Ref  c. 

The  primary  thrust  of  Ref  c is  to  suggest  appropriate  statistical  tests 
and  sample  sizes  for  determining  the  effect  of  charge  temperature  on  the 
distribution  of  Ap  derived  from  tests  of  the  standard,  unmodified  M188E1 
propelling  charge.  By  contrast,  this  memorandum  is  principally  concerned 
with  the  exposition  of  information  contained  in  extant  data. 

6.  Purpose  of  this  Analysis 

There  are  several  objectives  for  analyzing  the  data  in  Ref  a in 
greater  detail.  First,  it  is  desired  to  distinguish  the  effect  of  charge 
preconditioning  treatment  on  the  interior  ballistic  results.  Second, 
there  is  a need  to  identify  all  interior  ballistic  variables  to  which 
p is  functionally  related.  Third,  there  is  a need  for  a statistical 
(mathematical)  model  suitable  for  predicting  catastrophic  failure  of  this 
system.  The  author  feels  that  these  objectives  have  been  met  and,  as  a 
by-product  of  the  analysis,  computer  programs  exist  which  can  facilitate 
future  analyses  of  this  sort.  These  are  contained  in  Annex  2. 

7.  Methodology 

The  data  analyzed  consist  of  values  of  p_  . Ap,  and  ignition  delay. 

At,  obtained  by  firing  unmodified  M188E1/Z9  propelling  charges  which  had 
been  subjected  to  a particular  preconditioning  treatment  and  then  tempera- 
ture conditioned  prior  to  firing.  Typically,  approximately  twenty  to 
thirty  charges  of  a given  treatment  were  fired  sequentially  before  chang- 
ing to  charges  with  a different  treatment.  For  purpose  of  analysis  each 
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such  homogenous  batch  was  assigned  a set  number,  for  example,  "secured 
cargo  (cold)"  is  set  Cl.  Shots  on  which  one  or  more  of  the  data  items 
was  lost  were  deleted  from  the  sample. 

8.  The  analysis  performed  on  each  of  the  sets  and  on  various  merged  data 
sets  consisted  of  the  following: 

a.  calculating  marginal  statistics,  i.e.,  mean  and  standard  deviation 
of  pmax,  Ap,  and  At. 

b.  correlation  analysis 

(1)  pairwise  correlation  coefficients  of  all  of  the  variables 

(2)  point  estimate  of  the  slope  of  a simple  (univariate)  linear 
regression  of  p on  Ap 

(3)  95%  confidence  interval  for  (2) 

(4)  multiple  linear  regression  treating  Pmaxas  a function  of  both  Ap 
and  At 

(5)  standard  error  of  the  estimate  in  (2)  and  conditional  standard 
error  in  (4)  above 

c.  stepwise  polynomial  regression  of: 

0)  Pnax  on  4P 

(2)  Pmax  on  At 

d.  constrained  auadratic  regression  of  p „ on  Ap  with  the  constraint 
of  positive  slope  for  all  Ap 

e.  analysis  of  residuals  of  pmax  - Ap  regression 

(1)  calculation  of  median  rank  statistics  and  estimation  of  the  c.d.f. 
of  the  residuals 
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(2)  test  for  normality  of  the  residuals  using  the  Finkelstein- 
Schafer  test*  and  Lilliefors  (K-S)  test. 

f.  estimation  and  goodness-of-fit  testing  of  the  distribution  of  Ap 

(1)  estimation  of  a negative  exponential  distribution  function 

(2)  estimation  of  the  two  parameters  of  a Weibull  distribution  by 
(a)  matching  moments  and  (b)  maximum  likelihood  with  estimation  of  the 
standard  errors,  and  95%  confidence  intervals 

(3)  calculation  of  the  Finkelstein-Schafer  test  statistics  using  the 
above  hypothesized  distributions 

g.  automatic  plots  of  all  regressions  and  all  c.d.f.'s 

h.  calculation  of  the  risk  of  a catastrophic  failure.  The  theory  for 
this  calculation  is  derived  in  Annex  1. 

9.  Results  and  Conclusions 

The  data  from  both  low  and  high  temperature  tests  show  that  pmax 
exhibits  a great  deal  of  random  variation  from  shot  to  shot  which  is  not 
explained  by  its  dependence  on  either  Ap  or  At,  separately  or  jointly. 

For  example,  the  results  of  the  secured  cargo  (cold)  test,  set  Cl,  with 
sample  of  27,  show  an  average  value  of  pmax  of  37.596  ksi  with  a standard 
deviation  of  0.772ksi.  Linear  regressions  of  pnax  on  Ap  and  pmax  on  At 
show  slopes  that  are  not  significantly  different  from  zero  at  a reasonable 
level  of  risk.  In  fact,  the  standard  error  of  the  estimate  of  pmax  given 
Ap  is  0.786  ksi.  In  this  case,  essentially  no  information  concerning 
is  obtained  from  knowledge  of  Ap  or  At.  If  one  were  to  perform  a quadratic 
regression  of  p on  Ap  (in  spite  of  the  lack  of  a significant  linear 
dependence),  the  residuals  would  have  a standard  deviation  of  0.757  ksi. 

*The  Finkelstein-Schafer  test  is  a non-parametric  goodness-of-fit  test 
considerably  more  powerful  than  the  modified  Kolmogorov-Smirnov  test. 

See  Finkelstein,  J.M.  and  Schafer,  R.E.,  "Improved  Goodness-of-fit  Tests," 
Biometrika  (1971),  58,  3,  p.  641.  ■ • 
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Thus,  the  fraction  of  the  variance  explained  by  the  quadratic  regression 
is  less  than  4%  in  this  case.  Similar  types  of  statistics  for  the  cold 
(-50  deg  F)  tests  are  shown  in  Table  1.  Table  2 displays  the  analytical 
results  for  the  hot  (145  deg  F)  tests.  The  identity  of  the  various 
statistics  shown  in  Tables  1 and  2 will  be  presently  clarified.  The 
results  of  the  correlation  analysis  of  pmav  on  At  and  of  Ap  on  At  are  not 
shown  in  Tables  1 or  2 since  these  correlations  are  not  statistically 
different  from  zero.  Additionally,  partial  correlation  coefficients  of 
p on  Ap,  given  At,  and  of  p_.Y  on  At,  given  Ap,  are  not  very  different 
from  the  corresponding  unconditional  correlations.  Stated  differently, 
knowledge  of  At  does  not  enhance  the  predictability  of  either  Pmax  or 
Ap.  Because  of  its  lack  of  predictive  capability.  At  will  not  be  dis- 
cussed further. 

10.  Inspection  of  the  data  shows  that  the  joint  occurence  of  exceptionally 

larqe  values  of  Ap  and  p are  derived  from  the  charges  preconditioned  by 

3 r max 

sequential  rough  handling  (seq.  r.h.).  This  fact  suggests  that  one  pool 
the  data  selectively.  Note  that  in  both  Tables  1 and  2 individual  tests 
are  analyzed  separately  and  then  progressively  pooled  or  merged.  For 
example  in  Table  2,  the  two  secured  cargo  tests,  sets  HI  and  H2,  are 
merged  and  re-analyzed  and  then  merged  again  with  the  hot  cycle  test,  set 
H4,  and  analyzed  again.  Similarly,  the  sequential  rough  handling  data, 
set  H3  and  set  H5,  is  merged  and  analyzed  as  a single  set. 

11.  Regressi  on  analyses  of  p on  Ap  at  both  cold  and  hot  conditions 

max 

show  markedly  different  behavior  between  two  different  sets  of  data: 

(A)  those  representing  charges  which  have  been  preconditioned  by  sequen- 
tial rough  handling,  and  (B)  all  others,  i.e.,  those  not  subjected  to 
sequential  rough  handling.  The  slope  of  a linear  regression  for  set  A 
(or  any  subset)  is  significantly  positive  (at  the  97.5%  confidence  level) 
whereas  that  from  set  B is  not.  This  observation  applies  at  both  cold  and 
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hot  conditions.  This  is  seen  from  the  results  extracted  from  Tables  1 
and  2 shown  below  in  Table  3. 

12.  Additionally,  stepwise  polynomial  regression  performed  on  the 
Ap  - pmax  data  consistently  shows  that  set  A requires*  a quadratic  or 
cubic  regression  to  best  fit  the  data,  whereas  set  B does  not  support  any 
regression  above  a linear  one  for  the  cold  condition  with  a possible 
quadratic  for  the  hot  condition.  The  most  striking  aspect  of  these 
regressions  is  that  if  quadratic  regressions  are  chosen  for  both  sets  A 
and  B,  the  fraction  of  the  variance  explained  by  the  regression  function 
(R  ) distinguishes  the  two  sets.  This  point  is  illustrated  in  Table  4. 
Note  that  a relatively  tiny  portion  of  the  variance  is  explained  by  the 
regression  for  set  B (non-seq.  r.h.)--less  than  3% — whereas  almost  half 
the  variance  is  explained  by  set  A (seq.  r.h.).**  Another  indication  of 
the  difference  in  the  p_  (Ap)  relationship  for  sets  A and  B (or  selected 
subsets)  is  obtained  by  applying  constrained  quadratic  regression  to  both 
sets.  For  set  A the  positive  slope  constraint  is  not  binding  and  the 
mean  squared  residual  for  the  constrained  analysis  is  identical  to  that 
of  the  unconstrained  regression.  By  contrast,  for  both  cold  and  hot 


*In  this  context  the  word  "requires"  implies  a minimum  mean  squared 
residual  for  the  required  degree  of  the  polynomial.  Additionally,  the 
value  of  R2  does  not  change  appreciably  with  further  increases  in  the 
degree. 

2 

**This  distinction  in  R between  sets  A and  B could  be  caused  by  more 
frequent  occurences  of  large  values  of  Ap  in  set  A (rather  than  a 
difference  in  the  Pmax(AP)  function).  Then,  assuming  that  pmax  is  a 
monotonically  increasing  function  of  Ap  for  both  sets,  a greater  contri- 
bution to  the  variance  of  pmax  would  be  made  by  the  regression  in  set  A. 
Were  this  hypothesis  correct,  one  would  also  expect  a greater  variance  of 
Pmax  from  set  A than  from  set  In  fact,  this  is  not  always  the  case. 

For  the  cold  condition,  the  variance  of  set  A is  somewhat  larger,  with  an 
F-statistic  of  1.638,  which  is  just  significant  at  the  10%  level;  however, 
for  the  hot  condition  the  F-statistic  is  1.017  which  is  not  plausibly 
significant  at  all.  Therefore,  this  hypothesis  is  presently  tenuous. 
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conditions  for  set  B a constrained  regression  produces  a greater  mean 
squared  residual  than  the  corresponding  unconstrained  value,  suggesting 
a different  functional  form  for  set  B than  for  set  A. 

13.  Aside  from  the  differences  revealed  in  sets  A and  B by  regression 
analysis,  a distinction  also  appears  in  the  c.d.f.  of  Ap.  Analyzing  the 
data  from  each  preconditioning  treatment  separately  showed  that,  at  a 

5 % risk  level,  all  of  the  sets  were  accepted  by  the  Finkelstein-Schafer 
(F-S)  test  as  Weibull  in  form  with  the  two  parameters  B and  n in  the 
c.d.f. : 

F ( x ) = 1 - exp[-  (x/n)6],* 

estimated  (where  feasible)  by  maximum  likelihood.  After  pooling  all  seq. 
r.h.  data  at  a given  charge  temperature  to  form  set  A,  and  all  other 

A A 

data  to  form  set  B,  re-estimation  of  B and  n — 3 and  n with  the  larger 
samples  also  showed  that  the  distribution  of  sets  A and  B were  Weibull 
but  have  different  parameter  values.  The  parameter  estimates  and 'their 
standard  errors  are  shown  in  Table  5.  Assuming  asymptotic  normality  and 
applying  a two-sided  t-test  to  the  difference: 

B (set  B)  - B (set  A)  , 

demonstrates  that  the  Weibull  shape  parameter  for  set  A (cold)  is  statis- 
tically distinguishable  from  that  for  set  B (cold)  with  99%  confidence. 
Although  the  difference  for  the  hot  charge: 

B (set  B)  - B (set  A) 

is  also  positive,  a t-test  does  not  reveal  a distinguishable  difference. 

14.  However,  for  the  cold  charge  condition,  additional  evidence  of  a 
difference  in  sets  A and  B with  respect  to  the  c.d.f.  of  Ap  was  obtained 

*An  alternative  form  of  the  distribution  was  also  used: 

F(x)  = 1 - exp  - Xx° 

D 

with  x = (1/n)  and^a  = B.  Maximum  likelihood  estimates  for  a and  X and 
standard  errors  of  a and  X are  found  in  Lloyd,  D.K.  and  Lipow,  R. 

Rel i abi 1 i ty  (1962),  pp.  177-181. 
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by  merging  sets  A and  B,  re-estimating  parameters  and  applying  the  F-S 
test.  For  the  pooled  data,  the  test  rejected  the  Weigull  hypothesis  at 
a 95%  confidence  level.  All  of  the  above  evidence  strongly  suggests  that 
sequential  rough  handling  occasionally  produces  a change  in  the  structure 
of  the  M188E1  propelling  charge  which  affects  both  the  probability  distri- 
bution of  Ap  and  the  functional  relation  p (Ap). 

15.  Analysis  of  the  residuals  from  a quadratic  regression  of  p on  Ap  by 

F-S  and  K-S  tests  (95%  confidence)  consistently  showed  a normal  (gaussian) 

c.d.f.  The  standard  deviation  of  residuals,  o , and  the  regression 

coefficients  are  shown  in  Tables  1 and  2.  Using  the  theory  of  Annex  1, 

these  parameters  were  used  to  estimate  the  probability  of  a catastrophic 

failure  in  the  M110A1  - Ml 88E1  system.  This  risk  is  equated  to  the 

probability  that  p exceeds  a critical  value.  The  risks  are  shown  in 
r rmax  p 

Table  6,  in  units  of  10"  , for  sets  A and  B at  both  low  and  high  tempera- 
ture. Numerical  uncertainty  in  the  calculation  of  risk  is  shown  under 
"integration  relative  error."  This  error  is  principally  due  to  inaccuracy 
in  the  standard  normal  integral.  Note  that  the  critical  value  of  pm3N/ 
was  assigned  two  values — 50  and  53  ksi.  Doubtless  there  is  some  uncertainty 
in  p (critical)  itself.  This  range  in  the  critical  value  may  be  some- 
what  excessive  but  demonstrates  the  sensitivity  of  the  risk  to  this 
parameter.  Even  for  the  larger  value--53  ksi,  which  slightly  exceeds  an 
estimate  by  the  BRL  (Ref  d) — the  risk  of  failure  is  prohibitively  large 
for  charges  which  have  been  sequentially  rough  handled.  For  cold  charges, 
where  the  risk  is  greatest,  the  probability  of  failure  is  64  times  the 

risk  goal  of  10"^,  using  a critical  pressure  of  53  ksi.*  However,  without 

“ 6 

sequential  rough  handling  the  risk  is  substantially  less  than  10  . 


*As  a representative  example  of  the  wartime  consequence  of  a failure 
rate  of  64  10“°  per  shot,  the  following  calculation  is  given.  Suppose 
that  an  average  of  200  weapons  are  operating  in  Europe  for  90  days  of  com- 
bat. Let  us  suppose  that  the  average  consumption  of  M188  charges  for  this 
period  is  only  15  per  weapon  per  day.  Using  these  figures,  about  17  cata- 
strophic failures  are  expected  in  90  days  of  combat. 
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TABLE  3.  COMPARISON  OF  REGRESSION  ESTIMATES  FROM  TWO  SETS  OF 
M188E1  PROPELLING  CHARGES  HAVING  DIFFERENT  TREATMENTS 


Charge  Temperature  (deq  F) 

Set/ 

-50 

145 

Treatment 

slope  (ksi/ksi ) 

95%  C.I. 

slope  (ksi/ksi) 

95%  C.I.  , 

Set  A, 
seq.  r.h. 

0.50 

0.27,  0.72 

0.45 

0.23,  0.66 

Set  B, 

non-seq.  r.h. 

-0.08 

-0.51,  0.35 

0.07 

-0.08,  0.22 

TABLE  4.  FRACTION  OF  VARIANCE  EXPLAINED  BY  A QUADRATIC  REGRESSION  OF  PMAX 
ON  DELP  (R2),  DISTINGUISHED  BY  CHARGE  TREATMENT 


Set/ 

Treatment 

Charge  Temperature  (deg  F) 

-50 

145 

Set  A 

0.4525 

0.4290 

seq.  r.h. 

Set  B 

0.0049 

0.0287 

non-seq.  r.h. 

TABLE  5.  WE I BULL  SHAPE  PARAMETER  FOR  THE  DISTRIBUTION  FUNCTION  OF  AP 
STATISTICS,  DISTINGUISHED  BY  CHARGE  TREATMENT 


Charge  Temperature  (deq  F) 

Set/ 

-50 

145 

Treatment 

As 

6 

1 

* * 

6 

* 

Set  A, 
seq.  r.h. 

0.6211 

0.132 

1.081 

0.152 

Set  B, 

non-seq.  r.h. 

1.275 

0.154 

1.222 

0.106 

*maxirnum  likelihood  estimates  used 
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Set  A, 

-50 

50 

134 

0.026 

seq.  r.  h. 

53 

64 

0.016 

145 

22 

<1.3  10"3 

Set  B, 

-50 

0 

< 10"4 

w/o  seq.  r.  h. 

145 

0 

< 10"3 

DRSAR-SAM 


SUBJECT:  Analysis  of  Interior  Ballistic  Safety  Test  Data  from  the 

M110A1  Using  the  M183E1  Propelling  Charge  Subjected  to  Several 
Treatments 

16.  Recommendations 

In  view  of  the  statistical  differences  in  interior  ballistics  observed 
between  M188E1  charges  which  have  been  sequentially  rough  handled  (set  A) 
and  those  which  have  not  (set  B),  it  is  recommended  that  the  PH110E2  pur- 
sue the  present  testing  program  with  a goal  of  identifying  in  detail  the 
physical  causes  for  the  difference.  The  author  recently  was  informed 
that  defects  such  as  torn  propellant  bags  and  cracked  igniter  tubes  had 
been  detected  in  rough  handled  charges.  This  physical  evidence  supports 
the  conclusions  based  upon  our  analysis  that  physical  (geometrical) 
changes  occur  due  to  sequential  rough  handling.  Clearly,  a product 
improvement  must  be  initiated  if  the  risk  of  a catastrophic  failure  is  to 

r 

be  reduced  to  10  . Until  this  improvement  is  accomplished  and  demon- 

strated, it  is  prudent  to  restrict  the  firing  of  M188E1  charges  to  those 
which  demonstrably  have  not  been  rough  handled.  It  is  further  recommended 
that  a firing  test  program  be  conducted  using  unmodified,  product-improved 
charges  which  have  been  sequentially  rough  handled  to  assess  risk  of 
failure.  The  present  evidence  suggests  subtile  effects  on  the  c.d.f.  of 
Ap  and  on  the  p (Ap)  relationship  due  to  igniter/charge  geometry. 
Therefore,  inferences  with  respect  to  firing  safety  of  a particular  charge 
drawn  from  grossly  altered  or  different  charges  are  shakey  at  best. 


/ 


GEORGE  SCHLENKER 


Operations  Research  Analyst 
Methodology  Division 
Systems  Analysis  Directorate 


ANNEX  1. 


Probability  that  pmav  Exceeds  a Critical  Value 

n 1 d a _ 

The  risk  of  having  a catastrophic  failure  of  some  sort  in  the  system, 
e.g.,  inbore  premature  or  breech  blow,  is  equated  to  the  probability  that 
the  maximum  chamber  pressure  exceeds  a critical  value.  Having  investi- 
gated several  alternative  mathematical  models  for  the  random  variable  pmax 
and  having  selected  an  optimum,  one  assumes  that  this  model  can  be 
extrapolated  to  large  values  of  Ap,  i.e.  that  the  statistics  at  extreme 
pressure  have  the  same  mathematical  form  as  that  determined  for  lower 
values.  The  necessary  assumptions  for  the  calculation  of  this  risk  are 
given  below. 


Assumptions 

(1)  In  the  standard  M188E1.  propelling  charge  subjected  to  the  expected 
rough  handling,  the  maximum  chamber  pressure  depends  only  on  the  absolute 
negative  pressure  differential  during  ignition,  i.e., 

pmax  ~ pmax^p^’ 

(2)  The  dependence  in  .(1)  is  quadratic  at  every  charge  temperature. 

(3)  For  any  value  of  Ap,  p has  an  additive,  random  component  which  is 

max 

normally  (gaussian)  distributed  with  mean  zero  and  constant  variance  and 
is  uncorrelated  with  Ap. 

(4)  The  pressure  differential,  Ap,  is  stochastic  having  a two-parameter 
Wei  bull  distribution. 

(5)  The  critical  value  of  pm3v  is  a constant,  viz.  53  ksi. 

' max 


Derivations 

Notationally,  let  y be  the  dependent  variable,  x the  independent 
variable— Ap,  in  this  case—and  Z the  gaussian  noise.  Then,  the  random 
variable  Y is  given  by 

Y = a„  + a,X  + a/  + Z . (1) 

with  X having  the  p.d.f.  fx(x)  and  with  Z having  the  p.d.f.  fz(z). 
Notationally, 


Fx(x)  - 


fX 

- 0 


fx(u)du  . 
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Using  assumption  (1),  (2),  and  (3),  the  probability  that  Y is  less 
than  a particular  value  y is 


P{Y  < y}  = F (y ) 


* p'a0  + alX  + a2X  + 1 ‘ y) 


Fy(y)  - 


all  x 


(2a) 


P{x  < X < x + dx}  -P{Z  < y - aQ  - a-|X  - a2x  } . 


(2b) 


Fy(y) 


fx(x)  Fz(y  - a0  - a,x  - a2x2)dx  . 


By  assumption  (4), 


e-i 

f (x)  - & (i) 
x ' n n 

Assumption  (3)  yields 


-(x/n)1 


F_(z)  = 


v^2tt 


z ,2 


Z)  dt  . 


(3) 


(4) 


(5) 


The  risk  of  exceeding  the  critical  value  yQ  is  given  from  (3,  4,  5) 
as  1 - F (yc).  However,  the  above  equations  do  not  have  an  analytic  solu- 
tion. Therefore,  numerical  integration  is  employed  using  parameter  values 

given  in  Table  1 . ' 

The  integrand  in  equation  (3): 

g(x)  = f x ( x ) Fz(y  - aQ  - a^  - a2x2)  (6) 

can  be  evaluated  using  existing  subroutines.  Integration  of  (3)  is 
accomplished  using  the  trapezoidal  rule: 
g(x,)h 


V 


T~+  I g(xi>  + s(lW  ' 


(7) 


with  step  size  h given  by 
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with 


(8) 


h = min  (0.005  a , 0.005  n) 


x-j  = 0 

and  with  truncation  at  xn  where 
(xn/n)3  > -In  e 

and  where  e is  the  largest  permissible  error  in  the  integrand.  Generally, 
a suitable  value  of  e ^ 10  . 

Since  the  desired  computational  quantity  is  actually  the  risk  p 


" - 1 - FyOc)  > 


(9) 


rather  than  first  calculate  F (y  ) it  is  numerically  more  accurate  to 

y ^ 

solve  the  following  equation  directly.  From  (3), 


p = 


fx(x)[l  - Fz(z)]dx 


(10a) 


with 


z = yc  - max(0,  a^  + a^x  + a2X  ) . 

The  numerical  approximation  is 

g> (x1 )h  h n ,,  x ,,  ) 

P 2 2 Ei  = l9  ^ V 9 ^xi+r 


where 


g'(x)  = fx(x)[l  - Fz(z)]  . 


(10b) 


(ID 


Simultaneous  integration  of  (3)  via  (7)  provides  an  estimate  of  the  inte- 
gration error. 
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Next  page  is  blank. 


ANNEX  2. 

COMPUTER  PROGRAMS  USED  IN  A STATISTICAL  ANALYSIS  OF  INTERIOR 
BALLISTIC  SAFETY  TEST  DATA 

Several  source  program  listings  are  given  in  this  annex.  All  programs 
are  written  in  FORTRAN  4.  The  first  main  program  and  associated  subrou- 
tines perform  all  of  the  analyses  outlined  in  the  body  of  this  memorandum 
exclusive  of  constrained  regression  and  risk  analysis,  which  are  listed 
separately.  Comments  provided  in  the  listings  indicate  the  program  opera- 
tions to  be  performed.  The  statistical  analysis  main  program  and  sub- 
routines require  approximately  250  K bytes  of  core  storage  using  the 
WATFIV  diagnostic  compiler  with  the  IBM  3G0  system.  A sample  run  consist- 
ing of  the  analysis  of  several  data  sets  follows  the  program  listing. 

Input  control  parameters  are  echoed  in  the  output. 

The  second  main  program  presented  here  performs  a quadratic  regression 
constrained  to  have  positive  slope  for  all  values  of  the  independent  vari- 
able. Examples  of  program  output  follow  the  listing. 

The  third  main  program  calculates  the  risk  of  a catastrophic  failure 
in  the  Mil 0A1 -Ml 88E 1 system  under  the  conditions  implied  by  the  input 
parameters.  The  algorithm  of  Annex  1 is  employed  in  this  calculation. 
Several  examples  are  provided. 
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WRITE  (6.16)  NSAMP,FSTST,FSRISK,NDEG 
16  FORMAT ( 1H0. 'SAMPLE  = ',13,'  F-S  CRITICAL  VALUE  = '.F10.3,4X, 
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PLOT  or  CUMULATIVE  DISTRIBUTION  FUNCTION  OF  PMAX  RESIOU 
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parameter  estimates  of  the  c.d.f.  of  delp  ortained  by  matching  moments 


APPROXIMATE  STD.  DEV.  Of  ESTIMATE  OE  BETA  = 0.17733 

ZERO  VALUES  ENCOUNTERED  PRECLUDES  THE  CALCULATION  OF  M A*lMUM  LIKELIHOOD  ESTIMATES.  MATCHING  MOM.  PARAMS.  ARE  KEPT 
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PLOT  OF  HYPOTH.  AND  SAMPLE  C.O.F.S  OF  OELP 
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TEST  DATA  FOR  8 IN.  H0*'.»Ml8bEl  CHG..MERGF  OF  SFTS  C2+C3*SEQ.  ROUGH  HAND.  (COLD) 
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FRACTION  OF  VAPlANCE  EXPLAlfltD  BY  THE  REGRESSION:  0.47483 


DISTRIBUTION  OF  RtSIDlJALS  FROM  PMAX-UELP  REGRESSION 
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LOT  OF  CUMULATIVE  DISTRIBUTION  FUNCTION  OF  PMAX  RESI 
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REGRESSION  OF  PMAX  ON  HELP 
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REGRESSION  OF  PMAX  (KSI)  ON  DELAY  (MS) 
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parameter  estimates  of  the  c.d.f.  of  qelp  obtained  by  matching  moments 


APPROXIMATE.  STD.  DEV.  OF  ESTIMATE  OF  beta  = 0.06434 

ZERO  VALUFS  ENCOUNTERED  PPF.CLUDES  THE  CALCULATION  OF  M AxlMUM  LIKELIHOOD  ESTIMATES.  MATCHING  MOM.  PARAMS.  ARE  KEPT 
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PLOT  OF  HYPOTH.  ANL)  SAMPLF  C.O.F.S  OF  DELP 
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TEST  DATA  FOR  8 IN.  HDW.  N188E1  CHG.— SET  CA.COLD  SOAK  ("So  DEG  F) 


o 

in 

o 


z 

CO 


in 

i 

3 


r*- 

ro 


in 

2:  • 
* ro 
_j  in 
uj  — « 
a 
x 


in  in 
x o 

► o 

>-  rvj 

< • 

_j  in 
uj  ro 
o 


>-  ^ n o 
< ro  o 

JN  N O 

un  o o 

Q • • • 

C O — • 


2 

Q 

X 

< 

X 

a 

3 

o 

o 

in 

in 


in 

z 

vD 

O 

vD 

rvj 

in 


11 

a. 

_j 

UJ 

o 

z 

UJ 

> 

M 

o 

X 

< 

X 

CL 

3 

o 


< 

3 

in 


vD 


in 

o 


o 

o 


o 

UJ 

X 

3 

in 

in 

< 

> 

< 

_J 

UJ 

Q 

O 

z 

< 


z 

o 

X 

< 

X 

a 


UJ 

u 


UJ 

o 


ro 

r- 

o 

o 


o 

ro 


_j  — < so  in  <r 
<0000 

3 1 1 1 1 

O UJ  UJ  UJ  UJ 
hoi\jso<t 
in  o <r  so  r~ 
U0000«0 

ex  o in  no 
o o 'jj-o 
3 o r-  — i 

M • • • t 

z o — • ro  — • 

3 I I 


ru  m co  — • 
►-*0000 

< UJ  UJ  UJ  UJ 

x — • o — » >*• 

OOh^h 
^ O CO  o o 
in  <1  go  sf  <j 
<r  <r  in  in 

N CO  N -h 

• • • • 

rvi  rvj  rvi  in 


o co 
a o 

n 1 

UJ 

r- 

co 

r- 


Q <J- 
Z o 
l\J  I 


3 

CL 

in 

z 

i j 

0 

CL 

3 

0 

3 

> 

O 

a 

11 

— rvj  m x —• 

9m 

0 

11 

< 

3 

• 

3 

II 

4-40  00  0 

CL 

1 

CL 

O 

c. 

3 

— 

1 

UJ 

3 

CL 

< 

X 3 3 3 3 

3 

— 

CL 

in 

X 

3 

3 

< 3 <r 

O 

_ J 

• ro 

►—4  r- 

x O'  o ro 

< 

♦— 

a cr 

3 

3 

X O ^ 0 

ST) 

3 rvj 

< 

in  • 

in  0 

3 0 0 r- 

3 

4—4 

3 00 

O 

O 

x no  in  v£> 

CM 

2 

in  0 

> 

cl  r- 

CL  O' 

3 <f  c r- 

z 

0 

3 r- 

rvj  m go 

in 

O O' 

O 

x 1 

*■  vD 

* n 

3000 

4—4 

0 

0 ro 

O 

O 

3 0 3 rvj 

3 

3 X> 

4—4  3 

x • 

• • • 

3 

0 

• 

• 

3 

3 

>0  0 0 3 

z 

x rvj 

X 

3.  O' 

<1 

3 

3 

o — • o 

4—4 

• 

in 

Z 0 

• • • • 

3 

<t  — * 

< 

s£) 

CJ 

3 

3 r- 

1 

3 

in 

0 

3 

3 

3 

3 

no  rvj  ro 

4—4 

z>  • 

5: 

►—4 

3 

3 rvj 

3 

CL 

3 

> 

Z> 

3 

0 

a 0 

a 

in 

1 — 

a 

\ 

Q 

4—4 

O 

O 

4—4 

in 

in 

O 

X 

4—4 

u 

0 

3 n in  O' 

X 

• 

X 

O 

4—4 

in 

11 

3 

3 

• —*  0 0 0 

3 0 O O O X 

0 

0 

CJ 

<t 

•• 

in 

z 

z 

CJ 

O 

30000 

3 111 

3 

X 

3 

0 

3 

Z 

Z 

3 1 

0 3 3 3 3 

in 

4—4 

z 

0 

CL 

4—4 

0 

< 

< 

0 3 3 3 3 

OOOOO 

• 

1 

CL 

0 

0 

O 

3 

4—4 

4—4 

(jocovor-- 

OOOO 

in 

3 

►—4  (J\ 

•-4  m 

4— 

X O O'  Jf 

0 

3 

< 

3 rvi 

X 

X 

0 OJ  — < 

Q t\J  N »£)  (C 

, 

3 

x rvj 

in  nC 

<n  jo 

< 

< 0 ;>  co 

3 

0 

in 

3 

O in 

< 

< 

• 0 so  n in 

31  — 1 O'  vO  O' 

• 0 

3 

3 0 

Z X) 

z — t 

X 

X 0 >* 

3 

0 

3 

CO 

> 

> 

x 0 x rvj  cjn 

n rvj  co  0 x 

in  1 

0 

0 

co 

*-  rvj 

*■  in 

cl  o o co 

in 

• 

3 

CL 

z 0 

X O vD  — 1 x 

MN^mcc 

• 3 

CJ 

X 3 

rvj 

x • 

x • 

z 

• • • 

< 

0 

0 

X 

3 • 

3 

3 

0 0 <>  rvj  n 

JNNON 

x 0 

it  1 rvj 

<t  r- 

< 0 

0 

—IOC 

CD 

1 

O 

> 0 

O 

O 

z • • • • 

< x in  ro  — 1 

0 

z 

rsi  h- 

x co 

X 

4—4 

1 

• 

u 

4—4  1 

0 nj  3 ^ 

z • • • • 

• rvj 

0 

n- 

11 

CL 

X 

3 

in 

> 

0 

Z 

Z 

1 1 

0 

3 

5 

1 

8 

in  0 

4—1 

vD 

< 

4—4 

11 

3 

3 

O 

O 

4-4  1 

3 X 

in 

ro 

UJ 

O 

3 

in 

0 

< 

•> 

4—4 

4—4 

in  n 11  11  11 

X 'O 

in 

• 

3 

> 

•• 

3 

>- 

3 

4—4 

a 

3 

3 

4-4  — » rvj  ro  jj- 

• 

3 

0 

a 

< 

Q 

CL 

3 

Ql 

• 

3 

3 

CJ 

O 

3 — • nj  ro  <f 

rvj 

nr 

X 

in 

CL 

< 

Q 

0 

CL 

3 

< 

< 

2: 

O 

< 

O 

z 

3 

3 

< 

Q 

X 

X 

it  1 

in 

CJ 

< 

in 

in 

Ql 

3 

3 

0 X X X X 

X 

r> 

O' 

CO 

rvj 


z 

Q 
4— < 

in 

in 

UJ 

X 

o 

3‘ 

CL 


V 

CD 

a 

UJ 

z 


CL 

X 


UJ 

o 


3 

o 


z 

o 


u 

< 

x 


105 


DISTRIBUTION  OF  RESIDUALS  FROM  MMAX-DELP  REGRESSION 


o 

o 

in 

o 

• 

o 


3 

O 

to 

M 

CL 

< 

X 

h- 

►— « 

X 

m 

ro 

oo 

OJ 

• 

O' 

rH 

rvj 

r*- 

r— 4 

00 

• 

o 

• 

o 

3 

3 

3 

< 

3 

> 

3 

cr  co  in  4 n 41  oovONn4-'(\jcDMX)in-'n<}-  in  r\j  <t- 

3 

<(\JCM\)-HfMfUDCDC>OM4,^OON(\lM'OM'DrOCOn 

3 

< 

h-  mr^r)ono(\i<rr--nr^fvjoor^m>0(Mmn>tr^(\i%o 

< 

> 

(\J 

tnoo— •r-.(\ifMror)r)<r>d-tntnvDr-r^ooooa'oo^-*-H 

O 

o 

►— « 

• 3 

o 

OOOOOOOOOOOOOOOOOOO*— • *— 

»- 

Z < 

o 

►— « 

< o 

o 

a: 

►— « ►— « 

• 

o 

CO  h- 

o 

CO  »-« 

X ao  h-  co  O'  «— iNOoh-— *nO<— • h-  «— < iNOC7vC7vovr^(\i<-<^rfc-fvj 

3 

3 CL 

<(\jsD(\icocoinon^O'rr)^h-NaD>tovr)xO>i,r^4,ui 

T 

< o 

*—  in  r\j  in  in  <r  innf\jnmninino'm(\imnf---HOJinn 

»- 

o 

unooooooooooooooooooo— *ooo 

3 

Z 

3 X 

ooooooooooooooooooooooo 

< 

*|- 

(X  ►- 

<j 

1- 

z 

•• 

co  <r 



CO 

3 X 

M 

• CCf\isO<t  OOCO^fVJMCDO^^nfflWOOl/tO'NOO 

CO 

< h- 

CO 

u_rvjor‘-o'<\jr)‘©4-oinr--oco— •noa'cco'ininr--— * 

3 

3 

*: 

• m^or-oofvjr--c7'ojv£)f^^r--o— iO'i^r-<r<rLnTOvOC7' 

• 

3 

O CO 

— ’ 

q o & o ^ f\j  (M  !\jrr'mn>t>tuninun%0'0r-r^f^oooo 

Z. 

CO 

< 

CO 

CO  3 

CO 

53  ooooooooooooooooooooooo 

>—* 

3 3 

3 

CL 

CO 

cr 

< 

o 

CO 

<* 

CO 

3 

2 

3 

r> 

co 

O 

< 

o 

*—* 

^r-nor-r)or^nor-nor-nor--nor--nor--n 

O 

r-t 

o — • 

CO 

ZHninvOccoHninvOcooHniTvOcooHrunvOffl 

• 

x <r 

3 

<<t  go'xjnT,  o in  O'  n n ^ id  o <*  oorvjNOoino'fnr'-^in 

>- 

r—4 

co  — • 

CL 

Qroo^rH(\jf\j!\innsfvj-LniniDvO'£)NNNcocoo(7v 

3 

rH 

CD 

*-  • 

3 

QO  oooooooooooooooooooooo 

►— « 

CO  o 

O 

LlJ 

CO 

3 

X 

3 

h- 

• 

< 

>— 

> 

3 

CO 

— 

3 

^Hinocci<trr)<j-^-»<t^H^HOD^Hao<rsDr^oo<toct)>tr^ 

CL 

3 

CO 

Q 

/iooNnnaooino'^ncoND(>nn(\j<n\j^pJO'0'n 

h- 

1 3 

r*-  vt  x f\j  vDO'vD^MnnnorHr-.r-.ojfMojnNcoiD 

LU 

^ — • 

• 

•>  r-~  <rr)(\j(\j(\jHHOoooHf\i(\jnnmncoH 

CL 

CO 

— h- 

O 

< 

1 

cn 

»- 

_(  o o o o oooooooooooooooooo*— • 

3 

co  *-* 

CO 

CO  | 1 1 1 1 1 1 1 1 1 1 1 

CO 

CL  H- 

111 

3 

z 

O < 

a 

a: 

< 

►— « 

3 t- 

z 

3 

3 CO 

< 

X'H(\jn<M^sONcoo'o^Mn4ir)sD^coo'o-*fvin 

Q 

£X 

►— « 

LjJ 

r— % 

< 

3 • — 

z 

Q 

CO 

»— 

t CO 

< 

2 

3 

CO 

H-.  3 

3 

*—* 

CL 

to 

31- 

X 

106 


o 


107 


NOHM.  COEF.  X6AR(I)  SIGMA  < I ) UNIT  RESIDUAL 
.OOOOOOt-Ol  1.536522E  02  3.529950E  01  O.OOOOOOE-Ol 
.140126E  01  2.480087E  04  1.164159E  04  -3. 0^61 72E-05 


o o 

1 1 

OJ 

aJ  Uu 

X 

n so 

o 

X sf 

a in 

OJ 

x « 

0s  — « 

cr  o 

• 

X 

r~»  o 

*n  i 

o 

* 

r-  "Vi 

uJ 

>-  3 

■n  vC 

OJ 

< C 

• • 

<r 

_J 

v0  o 

O' 

UJ 

1 

r~ 

Q 

* — < 

• 

sD  — • 

o 

o o 

1 

z 

uJ  uJ 

o 

vC  <r 

*—• 

>*  — < 

G 

X 

• — < 4 

O o 

Z o 

X 

X « 

4- 

OJ  1 

UJ 

a 

X lT 

UJ 

X 

O ' 

o 

Cl 

• • 

vO 

llJ 

_J 

m x 

r-l 

cr 

UJ 

X 

G 

O' 

UJ 

•• 

• 

X 

x — • 

>- 

o 

►— 

o o 

< 

1 

-J 

>- 

UJ  lU 

UJ 

X 

oj  <r 

c 

oj  o> 

O' 

r—  O 

3 

»— « 

X NO 

o 

X o 

uJ 

X 

cr  x 

X 

c r\. 

C 

CL 

2 

CT  (\j 

h- 

UJ  X 

»— i Ui 

*— • 

•> 

r- 

a o 

X 

U-  o 

< 

X 

• * 

bJ 

<t  OJ 

< 

X 

i 

< 

<r  n 

3 • 

X 

X 

a 

X 

CJ 

3 o 

X 

X 

X 

a 

•— • 

X 

• — < 

. 1 . 

L_ 

0—4 

<r 

>c 

1 

a 

• 

rH 

o 

O 

o 

o 

X 

o 

o 

UJ 

o o 

UJ 

| 

1 

1 

Lk_ 

U 

o UJ  UJ 

X 

UJ 

Z 

aJ  UJ 

o 

o 

o 

o 

o 

• 

< 

O X 

o 

o 

o 

o 

X 

*—* 

n x 

o n 

sD 

OJ 

<r 

0-4 

u_ 

X OJ 

lT 

r 

— c\j 

uJ 

X 

X 

X 

X 

m O 

Jj 

h-  o 

< 

z 

O'  n 

'SJ 

O O' 

m 

pH 

X 1 

o 

o 

-> 

< 

<r  x 

»— i 

x 

<r 

• UJ 

<J 

or  uj 

a 

o 

_j  r- 

X 

. — i 

O' 

X X 

i . i 0—* 

a. 

• • 

< 

O 

X 

r- 

X 

z 

•■si  r- 

O 

o 

oj  — . 

z 

• 

• 

• 

• 

• <r 

o 

r- 

UJ 

I 

3 OJ 

0—i 

O' 

. — « 

x xt 

►— < 

r- 

z 

X 

*_ 1 

1 

uj  <r 

X 

OJ 

o 

to 

II 

II 

II 

ii 

CL  <f 

X 

• 

*— 1 

n <r 

z 

— 

• 

UJ 

o 

>— 

X 

UJ  •— * OJ 

m 

OJ 

cr 

a 

UJ 

5: 

o 

< 

o 

— 

— 

UJ 

cr 

z 

O X X 

X 

X 

cr 

U- 

•“* 

CrOOOOOOOOO  o o o oooooooooo 
ooooooooooooooooooooooo 

o ■'•c  td  o m m vjD  'r-  x^^«inNooo>ji3^0HOM' 
(jvoo-H^nnn^irunn^'O'O'O'O'O'OcDonn 
, 4 , — 4 » — 4 , — 4 0 — 4 0 — 4 0 — I * — 4 0 — ♦ # — < 0 — * * — • fH  »H  <H  *““•  0—4  • • CVJ  f\J  OJ 


OOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooo 

o<f^vD<rvoc-locoin<f^ooi>nco<f^'0<fvOin 

o x oc  o iDGOrn4'rHvO[\jv£)o<-tf\jnovj^r'CO 

__^_ojr\;njr\;n~')<f<j-xXNCXXxr-fs-cocr'0' 


ooooooooooooooooooooooo 

ooooooooooooooooooooooo 

j-^vcr'-iiriocrvcvjnjtvj 


Mn^^uo^r>uovOJ)o-*nin>ocoo-*nin^aD 

<fcocM^oincr'nN-«^c«j  x oj  xjo^o^nr-^^n 


i(\jn<nnvONac  j'o. 


iojfr>NfXxr-coo'o^ojr’> 


108 


REGRESSION  or  PMAX  ON  DEL  P 


I 


O * I 

O I 

O I 

O I 

O I 

O I 

O I 

o • 

o 

O I 

O I 

O I 


O I 
O I 
O I 
O I 
O I 

* O I 

o — 

O I 
O I 
O I 
O I 
O I 
O I 
O I 
O I 
O I 

o — 

O I 
O I 
O I 
O I 


O I 

O I 

o * 

O I 

O I 

© 

O I 

O I 

O I 

O * I 

O I 

O I 

O I 

* O I 

O I 

— o 

O I 

O I 

O I 

O I 

O I 

O I 

O I 

O I 

o * 

o 

O I 

O I 


* 


* 


CVJ 

CVJ 

CVJ 

o 

c 

o 

aJ 

id 

UJ 

o 

o 

o 

o 

in 

o 

o 

O' 

O' 

ro 

ro 

• 

• 

• 

o 

o 

o 

CVJ 

CVJ 

CVJ 

o 

o 

o 

id 

Id 

UJ 

o 

o 

o 

in 

o 

iTi 

co 

CO 

r- 

m 

ro 

m 

• 

• 

• 

o 

c 

o 

<\J 

cv 

CVJ 

o 

o 

o 

UJ 

Id 

aJ 

o 

o 

o 

o 

in 

o 

r- 

o 

sD 

m 

D 

• 

m 

• 

o 

O 

o 

109 


oooot  00  0.2000E  03  0*40006.  03  0*6000t  03  0.8000E  03  0.1000E  04 


REGRESSION  OF  Pmax  (KSI)  ON  DELAY  (MS) 


110 


a 

UJ 


< 

a 

< 

CL 


X 

o 

X 


o 


X 

o 

»— 

< 

X 


o 

o 

in 

o 

• 

o 


• 

in 

UJ 

>- 

< 

x 


in 

UJ 


o 

o 

o 

X 


UJ 


x 

3 

x 


X U_ 
X O 

m 


<1 

cr 

m 

o n 

4 o o in 

ao 

© — * 

4 rvj 

CO 

r- 

o 

© X 

rvj  in 

n n oo 

< n 

4 

r- 

rvj  so  in 

rvj 

>0 

rH  rH 

o in 

in  4-  n in 

IT) 

X X 

rvj 

o X 

II 

3 

4 

rvj  so  O' 

NO 

rvj 

O'  4 

O'  vD 

r- 

XI 

O'  r-  rvj 

n x 

p— « 

4-  oj 

o 

in  o 

o 

o 

rH 

rvj  n 

ro  4 

4 in 

sC 

r- 

X O' 

© 

© 

© 

rH 

0—4 

rH 

rvj 

< 

in 

» — 

< 

O o 

o 

o o 

o 

© 

© 

© © 

© © 

© 

© 

© 

o 

rH 

rH 

r— 4 

rH 

0—4 

UJ 

o 

CD 

UJ 

u 

X 

o 

»— 

CL  m 

vO 

in  ^ in 

c 

vD  m 

rvj  <— • 

m co 

vC 

CO 

rvj  oj  x 

x n 

X 

O' 

© X 

< m © 

n 

4 4 

o 

>c 

4 

4 © 

o'  4 © 

X 

O'  — • 

© 

© 

o in  r- 

X 

X 

to 

»— 

4 

n rvi  rvj  4 

rvj 

sC 

sO 

n in  4 

^-4 

o 

oaoinnnnj 

rvj  n 

»— 

UJ 

in 

o 

o 

o 

o o 

o 

c 

© 

o o 

© o 

rH 

rH 

© 

© 

© 

o 

o 

© 

© 

© 

< 

a 

3 

X 

o 

o 

o 

o o 

o 

© 

o 

o © 

o © 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

— « 

3 

o 

to 

UJ 

li_ 

0: 

a 

lu 

O 4 

© 

O O'  O' 

in 

r- 

rH 

4 

© 

O'  n rvj 

O O' 

rH 

rH 

\S) 

Ll 

O © 

\C  r*- 

o rvj 

•—*  r- 

m 

r-  4 

4 ro  rvj 

4 

ro 

x rvj 

rvj 

ro  in  O' 

rH 

o 

o 

o 

o in 

o 4 m n 

00 

nj  oo 

oo  in  rn 

— « ro 

4 

X 

rH 

X 

in 

UJ 

o 

o «— « 

rvj 

rvj 

rvj  ro  n 

4 n 

s o r- 

r- 

r- 

X 

X O'  O' 

• 

a 

> 

UJ 

o 

o 

O 

0 

0 

0 

o 

o 

o © 

o © 

© 

© 

o 

© 

© 

© 

© 

© 

© 

© 

© 

IaJ 

»— 

i 

e 

z 

3 

• 

O 

o 

o 

>— » 

c 

o 

© 

o O 

o 

o 

© 

o o 

o o 

© 

o 

c 

© 

© 

© 

© 

o 

© 

o 

© 

1— 

X 

x o 

o 

o 

o o 

o 

© 

O 

© © 

© © 

o 

© 

© 

© 

© 

o 

© 

© 

© 

o 

© 

in 

UJ 

© 

o 

o 

o o 

© 

© 

o 

o o 

© o 

© 

© 

© 

© 

o 

o 

© 

© 

© 

© 

© 

» 

o 

o 

o 

o o 

o 

o 

© 

o © 

o o 

o 

© 

© 

© 

© 

© 

o 

© 

© 

o 

© 

UJ 

x 

CL 

»— 

UJ 

jo<r 

rvj 

s o <r 

X 

o 

o 00 

n 4 

in  © 

o 

in  x 

4 4 

X 

<r 

X Si 

< 

3 

UJ 

o 

in 

03  O 

4 

in 

CO 

^ 4 

rvj 

sO 

o 

•—*  rvj 

n © 

<r 

rH 

X 

X 

3 

o 

•—* 

0—4 

•—*  rvj 

rvj 

rvj 

rvj 

n ro 

4 4 

in  in 

n 

X 

X 

sC  f*- 

r- 

X 

O'  O' 

»— i 

< 

X 

> 

o 

X 

rvj 

r> 

4 in 

O) 

00 

o © 

— • rvj  ro 

4 

in  ^ n 

X 

O' 

o 

rvj 

n 

CL 

O 

UJ 

rH 

«— • .— » 

r— 4 

r— 4 

0—4 

rH 

— * 

»— * 

— « 

rvj 

rvj  nj 

rvj 

u> 

X 

o 

4- 

nj 

ru 

X 

• 

»— i 

a 

< 

X 

»— 

it 

• *— i 

U.  X 

cc 

• 

< 

O X 

»- 

• o 

X 

o r- 

r-* 

X 

• • 

X O 

►- 

I- 

X 

o 

UJ 

CL 

>- 

X 

X 

UJ 

1 

UJ  3 

u> 

X 3 

h-  <r 

UJ 

> 

X 

X 

\— 

O 3 

CL  < 

o 

O 

z 

k— * 

M 

UJ  »- 

X 

3 

3 

X CL 

»“•  U 

• 

X 

u. 

3 UJ 

• 

< X 

o 

3 »- 

• 

CL 

o 

X 

X < 

• 

X 

X 

V— 

t— 

UJ 

o 

3 X 

CL 

CL  X 

>- 

X UJ 

X 

< 3 

X 

UJ 

X 

X 

X ►“» 

1- 

C X 

z 

X © 

a 

X «— * 

CL 

w—t 

U- 

y~  • 

X © 

UJ 

UJ 

-1 

1- 

X 

M 

^ — 

X 

X 

3 

1 3 

< 

mm 

3 

— \— 

CL 

X 

x »-• 

X 

CL  1- 

0—4 

O < 

Ll.  H- 

3 

UJ  x 

3 

*— i 

CL 

3 1- 

X 

3 X 

< 

»-•  UJ 

X 

3 1- 

111 


PLOT  OF  HYF’OTH.  AND  SAMPLE  C.D.F.S  OF  DELP 


* * 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 

o 

o 

o * 
o 
o 
o 


o 

- o * - 
o 
o 
o 


o 

o 


o 

o 


o 

o 


o 

o 


o 

o 


o 

o 


o * 
— o 
o 


o 

o 

« o 


o 

■ o - 


o 

o 


o 

- o — 
« o 
o 


c 

o 

c 

o 

- o — o - 
o 
o 


o 

o 

o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

UJ 

L U 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

o 

o 

o 

o 

o 

o 

o 

o 

in 

o 

in 

o 

m 

o 

in 

o 

r- 

in 

OJ 

o 

r- 

m 

rvj 

o 

CO 

•r- 

NO 

in 

ro 

OJ 

i-H 

o 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

* 


112 


0000E  00  0.2000E  03  0.4000E  03  0.6000E  03  0.8000E  03  0.1000E  04 


LO 

X 

X 


AJ 

X 


AJ 

X 


< 

o 


z 

o 


lO 

LO 


a 

3 


4 

< 

Ni  t- 

i <r 

o c c 


-- 

4 

X 

«► 

00 

» 

X 

X 

•— 1 

rH 

X) 

X 

•• 

•— * 

3 ( 

rH 

X 

< 

X 

x. 

X 

00 

AJ 

00 

«► 

X 

X 

1— I 

X 

X 

— ' 

♦ 

<3 

AJ 

>- 

. t— 

< 

X 

4 

X 

•— 4 

■ o 

AJ 

» 

1 w 

» 

X 

, *. 

co 

X 

C4 

— 

, — s 

< 

X 

• 

M 

• t- 

•> 

o 

•— « 

* <— 1 

aj 

— 1 

X 

— 

00 

- — 

<i 

m <l 

1— i 

AJ 

X 

- > 

•> 

< r 

X 

X 

. » 

UJ 

i-H 

- 00 

n 

— > 

4 w 

rvj  ~ 


< cv  ► 
► ^ < x 
O O •>  X 
4 


r 

o 

„ 

1 t ’ 

O 

< 

o 

X 

— V 

X 

< 

00 

< 

rH 

3 

fL 

rH 

<? 

a 

a 

AJ 

o 

— 

w 

4 

1— 

X 

00 

1— 

«— 

X 

Ll 

o 

X 

X 

X 

CO 

*— * 

• 

4 X 

3 

c 

» 

II 

«— « 

4- 

< 

4 

< 

AJ 

< 

< 

>“ 

X 

M 

— 

o 

3 * 

3 

, 

C 

3 

c 

H- 

< CO 

» 

•> 

LO 

CO 

4 

X 

— 

— 

> 

•— 1 

_i 

1— 

CJ 

W 

0: 

~ 

o 

X 

X 

z 

z 

X 

<T 

> 

o 

Li_ 

c 

t_ 

• 

X 

_u 

_ 

AJ 

r- 

4 

4 

• 

or 

CO 

• 

— * 

ro 

IAJ 

p — 

U: 

•> 

4 

A, 

•- 

— 

•- 

■ — i 

— 

•- 

<*■ 

z 

— * 

o 

r- 

A : 

iX 

4 

CJ  O 

o 

d 

rH 

oo 

. — « 

O 

"O 

o 

» 

X 

r—4 

— - 

21 

CJ 

l-H 

C 

•> 

i 

•— i 

»— 1 

•> 

x 

rH 

X 

< 

r-l 

*— # 

U. 

X 

X 

*_ 

3 

3> 

o 

iJ 

r 

AJ 

—i 

•—> 

>0 

• — < 

c 

1— * 

>— 

II 

n 

r—4 

4 

M 

3 

_i  x 

x 

IT 

— 

tr 

— 

— 

o 

O so 

— 

< 

*— < 

in 

w 

— 

— 

X 

CJ  to 

o. 

z 

2T 

W 

t- 

►— 

— 

»— 

»— 

O 

rH 

— 

»— 

o 

— 

h~ 

h~ 

►— 

_ 

> O 

•— * 

< IjJ 

<1 

< UJ 

o 

» 

UJ 

< 

in 

4 UJ 

< 

LO 

3 

UJ 

4 

_ 

X 

r— 

c 

£ 

1— 

X 

c 

j; 

1- 

X 

• 

o 

>— 

X 

Q 

rH 

3 

X 1- 

V 

X 

"3 

£ 

2L 

£ 

►-> 

X 

< 

gE 

oc 

o 

II 

cr 

4 a 

6 

I 

_ 

O 

o 

O 3 

3 

tt 

3 uj  a 

X 

o 

II 

X 

X 

o 

3 

o 

uj  o a 

O 

3 

< — 4 

C; 

UJ 

CJ 

O 

d 

U. 

s 

u_ 

QC 

U. 

£ 

u_ 

X 

o 

u_ 

X 

C X 

U_  3: 

u_ 

' “* 

o 

AJ 

<r 

4 

m 

X 

o- 

, — 1 

•—t 

•—* 

*— » 

>— » 

— • 

4—i 

<t 

o 


X 

o 

a: 


o 

•— « 


UJ 

o 


x 

a: 

t— 

< 


UJ 

X 


u, 

o 


3 00  3 

CO 

X ~ 

X 3 O 

CO 

« « 

1— 

X Aj 

\ x r 

* o « 

z 

AJ  — ’ 

AJ  X X 

c 

a 

UJ 

❖ 4 

* o o 

z 

X 

«—1  t— 1 t 

T 

« LO  LO 

< 

4 

w O w 

UJ 

— . «— 

~ « « 

CO 

•— • o 

1 

■ — ' — - 

AJ  —N 

a: 

4 

2. 

c X X 

u_ 

— — > 

A. 

► o o 

0- 

•X  X 

■U.  w w 

aJ 

►— 

4 

_J 

3 

U 

3 

< 

<J 


-CO 

II  o O aJ  o || 


* 00  . 

• 3 llJ  UJ  U.'  <!1 


3 

• 

• 

3 

o >~ 

3 

*— 

i— 

— r 

3 3 3 

X 

— 

4 

AJ 

ro 

.AJ 

4 

o 

O 

o ♦ 

X 

c 

CO 

Z ZZ 

4 

1— i 

3 

— 

— 

*— t 

— 

O 

II 

II 

M 

• 00  o 

4 

II 

• 

II 

CO 

w 

3 

X 

Ql 

4 

X 

00 

h~ 

O 00  CO 

Ai 

3 

1 — I — 1— 

z 

X 

CJ 

II 

II 

II 

II 

3 3 

z 

II  II 

3 

w 

3 

z z z 

II 

II 

3 

— 

Aj  ■— • 

X 

o 

*— • 

*— • 

o 

o o o 

3 

•— - 

U_ 

o o o 

3 

*— t 

4 

■ — ■ 

l-H 

X 

AJ 

3 (X  CO 

CJ  CO  Q CO 

3 

X 

•— * 

CO 

o O <J  X 

X 

CJ 

4 

4 

4 

4 

x n 

i 


ii 


— 4 aj 

aj  oo  aj 


uu  J 


« rv  n^inoMX.^Or-ioon>fi/)vCN 


—•  — oo  oo  rv  AJ 


aj(\jojoo(M(\jnnnnn(y)nrti(vHT) 


4 ? 4 4 


■T  LO 
J 4 


O 


113 


LmSF.  If  CO  '-4STWAIUTS;  L AMflDA  1 ( LLS 1 ) =LAMML>A2  (ELS2) 


x 

>- 


CL 

51 

< 

to 


Q 
e o 
cr  • 
\ o 

aj  o 

— o 
X o 

$ • 

— o 


aj  — « 

X 2*  U ~ 

COIN 
Z ~ 3 O 
UiliJ  2 * 

2 O V- 
X X — — • 

<f  X X X o 

« * * 4 ► 

Aj  AJ  ■ 

<<<-'' 

I I I T1  ^ 

ai  — . a.  x u 

\ Tj  r i - 

< ❖ $ C u_i 

$ \i  Jf  o 

*-•  <V  — • X z. 

< — •—  X T — 

II  II  II  H O ^ 

X — ~ 

O - — < — • _J  X 

z — — — j i: 

Ui  — ' 1 AJ  o C X 

.a  u j u J 


o 

tl 

At 

< 


<1 

_l 


AJ 

o 


II 

X’ 


uJ 

to 

< 

o 


AJ 

X 

>- 


o 

iX 

X 


X 

I 

CVl 


aj 

AJ  AJ 

o u 

AJ  — I 

t-  tv  S C 

c < o o a 

C X 3 C X 
• AJ  O O Z> 
c i • • to 

II  II  AJ  O II 
— — II  II  — 

AJ  AJ  — • CM  Ai  _J 

~ x x ••—  _j  x 

— • AJ  J J O <t  X 
U U uJ  UJ  O 'J 


n 

X 

•> 

> 


o 

< — 

•y  . 

D AJ 

to 


AJ  — • 3 
<3.  O U 
$ I *— 
— C UJ 


o 

II 


4 

X 

>- 


— « o 

£D  — O 

O O c o — Ll 
; x Q a o 


< 


z 

»— J 

X 


o 

o 

o 

o 

o 

• 

o 

X 

<r 

o 

<r 

*— ( 

0 

• 

CL 

CL 

UJ 

CL 

z 

X 

X 

z 

X 

< 

■5 

< 

• 

<(. 

H 

X 

X 

AJ 

X 

o 

o 

5" 

z 

< 

7 

z 

♦— 

«k 

a 

»■ 

<C 

AJ 

AJ 

X 

AJ 

cr 

o 

X 

X 

X 

X 

o 

o 

_l 

_J 

<x 

_l 

< 

UJ 

UJ 

-1 

UJ 

_j 

— * 

0 

*> 

o 

, 

r— « 

0 

r— « 

UJ 

o 

X 

O 

X 

o 

X 

T 

o 

_J 

II 

_J 

• 

_J 

1- 

• 

AJ 

UJ 

'Jj 

Jj 

o 

O 

*> 

7 

► 

X 

• 

m 

o 

1— 

AJ 

V 

ro 

r-i 

4* 

«— • 

_J 

_ 

< 

I 

• 

AJ 

o 

AJ 

o 

AJ 

-S 

— 

C O 

II 

3 O 

X 

O 

r— 4 

X •* 

_ 

~ cr  •* 

X 

»■ 

CL 

\ — 

<1 

^ X — ' 

< 

— 

e 

AJ 

— AJ 

— — X 

_J 

4 

u 

o 

Aj  — 

X 

OK  — • ~ 

• 

X 

X ''-H 

• 

•— i 

UJ 

X 

Z U 

< 

— mo 

o 

O 

X 

o 

$ 

_J 

AJ  * - 

< 

• 

X — — 

II 

o — 

o 

o 

AJ  AJ 

i ro  m 

cr  <r 

Q 

o 

— « — ■ ■'- 

AJ 

\ — 

u, 

O 

I 

r. 


IT 

<1 


aj  <r 

in  to 


o o 
o 


o o 
r>  o 
o o 


aj  n — 

^ <r 

AJ  AJ  — 

U D 1 

x a.  ~ 
o a *n 

o o x 
o Q * 

C C — 

• • AJ 

o o *> 

• • r 


in 


3 

3 


AJ 

O 


X — 

c <r 


to 

< 


o 

O X 

o 

- \ z 

O 

o o \ o x*  z 

lx 

• 

— 

• 

• 

2 

X 

• 

— 

o 

— « o <r  — 

• • O • AJ  <r 

U, 

— 

-H 

o 

Xl 

— 

•—* 

c 

<T 

— 

3 

9. 

O x 

• 

o X oc  — 

o o x aj  x m 

r— « 

X 

aj  m 

X 

X 

3 

o 

z 

X 

IT’ 

m 

H II 

o 

- ii  on 

II  II  II  1 1 o 

<r 

< 

X 

— 

O 

y 

,w’ 

Zi 

X 

II 

n — 

— II  fl 

— - 

— 

II 

o 

»— • 

r— « 

II 

o 

> — < 

1— 

— i 

II 

II 

3 

UJ 

m m 

AJ  X IX 

UJ 

<r  <r  j-  — * aj  j 

X 

Cj 

u 

z 

1— 

»— 

o 

o 

z 

h- 

} — 

*— • 

o 

z 

h- 

z 

*— 

X 

— — 

X 

l/i  w J.5. 

X 

— — ^ X X _l 

2. 

7 

w ’ 

*— • 

z 

' — 

■“* 

«— • 

.1 

■“* 

*— 1 

<1 

Aj  — < 

_l 

_J  o < X 

< 

— « AJ  O J J < 

X 

«— * 

u_ 

£ 

3 O U_ 

u_ 

z 

o 

O 

3 

V, 

3 

z 

o 

O O UJ 

UJ  O O 

o 

O O O UJ  UI  O 

u_ 

X 

ID 

o 

X 

3 

o 

r 

r 

X 

4 


AJ 

’JO 


o 

x 


>r  0-  c ^ c? 

t <r  <r  <r  x 


•— i aj  m t <f>  >c 
L0  X X X X X 


r-  x o o — . aj 
X X X v£>  ^ X 


ro  -t  x x r-  x 

vO  >o  x ~c  >o  >o 


114 


CASE?  IS  F fas  I bit;  OH  1 T CASE  3 
= I’ll  (n(?>  *H(h)  ) 
b U conn  MUR 

WHITE  HEAOU.es  FUP  THE  OUTPUT  OF  ALL  CASES 


X 

in 

» 

(M 

O 

X 

<\J 


in 

in 


o 

V- « 

w 

< 

o 

in 

h~ 

T 

X 

»— 

UJ 

OJ 

X 

in 

O 

» 

2 

X 

O 

< 

cn 

~y 

o 

h- 

< 

» 

x 

CL 

3 

<u 

•> 

UJ 

U 

3 

X 

X 

• 

3 

Z 

UJ 

f\j  m 

— 

3 

X 

V 

'Ll 

b- 

X 

3 

u 

UJ 

o 

n m 

m- 

S) 

< 

< 

3 

3 

o 

• 

<r 

3 — 

u 

c 

•3 

II  — « lO 

3 

o 

Z 

V 

*-<  O 

• 

< 

x 

►—  ♦ 

IT 

X 

o 

UJ 

c 

3.  

»— « 

M 

X 

in 

»— < 

3 — 5 

* 

*— • 

<5 

» 

“5  — 

in 

cn 

O 

X 

o 

» 

* — o 

in 

LO 

— * j 

m 

CL 

Uj 

*. 

3 » 

* — ( 

C 3 

O 

X 

3 

3 

» 

3 X 

o 

o 

i. 

X 

t— 

or 

, ^Hl 

— « 

X ■> — . 

r- 

•* 

CL 

•> 

' 

• (V 

» 

<r  - 

1 o 

a 

•> 

3 m 

m o 

a. 

i "T 

r-t 

UJ  •> 

x 

••  x 

c 

’ 

3 

ii 

• O 

— « jj 

O — • 

u_ 

• 

o 

3 

. — 

^ _> 

■W  -W  r— 1 

t— 

3 

»—  Z 

»— 

2: 

! < 

3 

o 

~ 3 

<1  *- 

UJ  < o 

DC 

X 

r cn 

X h- 

X h- 

*-  X »- 

3 

* X 

o 

M 

x Z 

— « X 

»— 

O 

. — « 

olq: 

0 0X03 

jJ 

. u_ 

, 

o 

•—  3 

u_  (J 

<X 

iC 

rvi  o 

.\J 

m rn 

cn 

in 

X 

x 


oj 

in 


in 

3 


3 X 
X UJ 

M 

3 <X 

z _j  o o 
O < ►-  2 
U'J^)UJ 

cn 


3 

a: 

uJ 

X 

:* 

>- 

Q • QC 
UJ  X UJ 

a > 

< Z UJ 

3 o 

O UJ 

in  >-  a 
o 

Z U.  -I 

< o in 

UJ 

X 2 LJ 

o > 

3 M ^ 

z inn 
<t  in  •— 
uj  in 
z qc  o 

< O CL 
M U I 

oa  o 

7 Z 

< U <1 

QC  —• 

Oh- 

< < K 

ja- 


oj 

* 

* 


x 

* 


Oj 

u 

* 


UJ 

0 >- 

M 

« 

UJ  < 

— 

oj 

<\J 

X 3 UJ 

X 

cn 

0 

►—  O > 

3 

ISI 

X 

<\J 

3 

in  0 1- 

1 

►H 

3 

« 

0 

UJ  UJ  ►-* 

O 

3 

1 

c 

h 7 in 

» 

z 

0 

0 

c 0 

X 

0 

0 

3 < IL 

1 

>- 

• 

3 Ct 

< 

•> 

< 

f\J 

rn 

UJ 

O h- 

— - 

1 

1 

0 

3 in  — 

X X 

—* 

X 

z 

<r  3 

CD 

M •• 

O 

O 

< 

00  a: 

« 

3 O 

1 

« 

1 — 

ct 

0 < 

3 

X CL 

O 

O 

-d 

0 

£ 

< 

- \ 

(J 

X 

Qt 

C 

< < in 

UJ 

X 1 

1 

2s 

* 



UJ 

x *- 

X 

0 

X ~ 

3 

— » 

Ll. 

z 

0 X z 

X u 

3 

V «— t 

b— 

cn 

3 

0 0 •-* 

h- 

0 0 3 

— * — 

♦ 

3 

3 

V 

♦— 

X u.  < 

*— « 

M \ 

0 

0 

w >- 

\n 

3 

j_> 

0 

0 

CL  X 

u 

in  x 

• 

a 

M 

X 

X 

« 

X 

X 

0 

QC  »- 

1— < 

x 0 

0 

0 

II 

X 

»— « 

n 

X 

X 

X 

in  0 in 

3 

UJ  X 

II 

• 

— » X 

II 

l— 

X 

II 

3 

3 

Mit  7 

X 

X -L. 

in 

0 

V 

OT 

X 

X 

in 

►— 

3 

X QC  3 

X 

^ 0 

X 

11 

O UJ 

X 

0 

11 

v 

LU 

in 

1—3  0 

►-4 

0 0 

X 

X 

G b- 

X 

0 

X 

X 

(X 

u>  o o o o 


X 

r 

3 


m 

x 


X h- 
X X 


ocj*o-.Mn<nn 
oo  O'  ^ (r  O'  O' 


OhX  cr 

O'  7>  C O' 


^wn<tin'ChC/0'  o ru  < 
ooooooooo-— *«—•<—•* 


115 


SECURED  CARGO  (HOT) 


• o o o o 
l/)  o o o o 
C£ 

0 0 0 0 3 

l/)(\J  OHO 
H<f  0 JO 
Z CO  CO  CO  CO 
<T  CO  CO  CO  00 
UJ  4 4 4 4 
3E  • • • • 
o o o o 


Z OJ  (\J  C\)  C\l 

<.0000 

M 

0 0 0 0 3 

z n-  ro  cn  lD 

<(\jnw4 
tr  oj  oj  oj  oj 

O H rH  rH  ^-4 
*X  ’ — * H r—i  rH 

} • • • • 

o o o o 


OJ  CD  CO  o O 

OOOOO 

I I 

OOOO 

OJ  o o 

0000 

LO  LO  O O 
LO  X O O 

X 4 OO 

• • • • 

OOOO 

I 


ro 

< 


in 

1 

1 


”\J 

0 

rx 

0 

O 

0 

0 

0 

0 

O 

0 0 

O 

000 

0 0 

O 

O 

OOO 

O O 

0 0 

0 

O 

0 

< 

0 

O 

0 

0 

0 

0 

O 

0 0 

0 

000 

0 0 

O 

O 

OOO 

O O 

0 c 

O 

O 

c 

0 

4 

4 

r-< 

0- 

ro 

CC 

4 O 

Oj  cO  ro 

oj  ro 

cn 

CO 

O'  r--  4 

X 0- 

4 ro 

X 

ro 

X 

S 

m 

X 

OJ 

rr. 

O 3 

0 

X r-  0 

0 cr  r^ 

cn 

r-  in  cd 

X X 

0 0 

O 

cn 

0 

rH 

rH 

rH  rH 

rH 

0 

H 

0 

O 

O 

0 

0 

0 

0 0 

OOOO 

0 0 

0 

0 

000 

0 0 

0 0 

0 

0 

< 

0 

X 

0 

O 

O 

0 

0 

0 

0 

0 0 

0 

000 

0 0 

0 

0 

000 

0 0 

0 0 

0 

0 

0 

O cO 

^-4 

3 

ro  rH 

>0  cn  ro 

CO 

O r— 1 r- 

O'  4 

rH 

4 

|H  CO  H 

0 OJ 

4 ro  ro 

n- 

4 

4- 

ro 

X 

•-H 

4 

OJ 

JO  0 

X 

LO  CO  OJ 

in  oj 

X 

4 

oj  0 n 

O rH 

4 ro  cn 

0 

r- 

CO  3 

X) 

CO 

X Oj 

X'  0 

X X OJ 

4 4 

X 

r- 

CO  O rH 

oj  in 

cn  r- 

1— H 

X 

OJ 

■-H 

rH 

OJ  4 oj  4 OJ 

H 

0 

O 

X 

>- 

0 

O 

0 

0 

0 

O 

0 

0 0 

O 

000 

0 0 

O 

0 

OOO 

0 0 

0 0 

0 

0 

< 

O 

fvj 

oj  n- 

in 

3 

0 in 

0 OJ  0 

4 

0 m oj 

0 OJ  ■ — 1 

X 

o cn  ro 

00  ro 

X X X X 

c 

tl 

OJ 

OJ 

OJ 

n n h 

— OJ 

OJ 

ro  oj  ro  ro  oj 

OJ 

OJ 

ro  oj  oj 

rH  rH 

rH  rH 

OJ  OJ 

■ 

4" 

4 

4 

4 

4 

4 4 

4 4 

4 

444 

4 4 

4 

4 

4 4 4 

4 4 

4 4 

4 

4 

— t >4  o 4 o 
00000 
I I 

0 0 3 3 

0 o in  o 
x o r-  o 
ao  o n-  o 
»oaj  o 
4-  o (V  o 

• • • • 

OOOO 

1 I 


o oj  rvj  oj  oj 

OOOOO 

0 3 0 0 
ro  o r--  x 
O'  x r-  4 
nnn.T 
oj  rvj  oj  f\i 
4 4 4 4 
• • • • 
OOOO 


• h oj  n 4 
O 
2 


LL 

*51 

< 

10 


Lu 

LO 

<t 

O 


lo 

►H 

X 

y~ 

c 

a: 

»— 

on 

o 

Jt 


UJ 

LO 

4 

3 


<5 

X 


Q- 

O 


uJ' 

X 


116 


SECCkED  Cat- GO  (HOT)— SET  H2 


OJ 

0 

oj 

c 

Q 

0 

0 

0 

0 

0 c 

0 0 

000 

O 

0 0 

O c 

0 

0 

0 

< 

0 

X, 

0 

c 

0 

0 

0 

0 

0 0 

0 0 

000 

O 

0 0 

0 0 

0 

0 

0 

0 

r- 

, 

oj 

00 

c 

O X 

so  O O rn 

in 

OJ  OJ 

in  0 

X 

0 0 

• 

L 

X 

u. 

r- 

r 

x r*- 

<t  in 

>c>  r-*  on  o- 

j"  c; 

a — • 

c 

•— < 

c 

r— 4 

r— < 

r— 4 

r— < 

c 

r— « 

0 

O 

O 

0 

0 

c 0 

0 0 

000 

0 

0 0 

O O 

0 

0 

O 

<1 

0 

X 

0 

0 

O 

O 

0 

0 

0 0 

0 0 

000 

0 

0 0 

O O 

0 

0 

O 

c 

0 

J 

v£) 

jo 

r-  in 

0 0 0 

m 0 

GO  OJ  — • 

<r 

r-  <r 

r-  0 ro  r- 

> 

rn 

*v 

4- 

n r- 

Oj  OJ 

0 cr  <r 

<r 

X cO 

>3"  r— 

r— 4 

m 

OJ 

0 

m r- 

in 

cp  in  n 

X 0 

0 n n 

0 0 

x oj  m 

r- 

sO 

r— 4 

n 

r— 4 

r— 4 

r-*  x 

•H  M (\J 

•— * 

r— 4 

0 

c 

•— * 

>- 

0 

0 

0 

0 

c 

0 

0 0 

0 0 

0 c 0 

0 

O O 

0 0 

0 

0 

0 

<1 

0 

r\j 

O' 

n 

<r 

m 

X 

4-  ru 

0 <r 

<1  (Vi  m 

X 

in  oj  0 > 

X 

<r 

ac 

c 

0 

u 

m 

r\i  ro  oj 

m 

r— 4 

n **) 

CVl  «-* 

• m cvi 

_ 

vi  oj  n oj  0 

OJ  OJ 

• 

<r 

<r 

vt 

<r  <r 

<r  ^ 

^ Nf 

nT 

<r  >* 

<r 

<r 

<r 

<r 

< 

tn 

z. 


• o o o o 
(S)  o o o o 
C£ 

0 o o o o 

in  o • o <x 

>o  —•  r>  r- 

Z®  vOvO  N 

<o-i(\in 
UJ  *0  *0  vO 

1 • • • • 

o o o o 


2 oj  oj  ru  oj 
<0000 

00000 

Z Lfi  on  o 

tr  ^ o(\j  -t 
O o •-«  —* 

j • • t • 

0000 


M N N O O 
OOOOO 

t I 

OOOO 
in  oj  o o 
ITi  CVl  o O 

m <r  00 
n o o 

n rH  O O 

• • • • 

OOOO 


rvj 


n 0 <r  0 

0 0 0 0 0 

1 1 

O O O Q 

m 

in  0 in  0 

*— € 

in  0 in  0 

vo  0 n 0 

lO 

in  0®  0 

>— 

r-l  O \0  O 

2 

• • • • 

r— * 

OOOO 

< 

1 

or 

h— 

in 

O (VI  OJ  OJ  OJ 

C 

l_>  c 0 0 0 

O 

OOOO 

-V 

v£)hvD  O 

UJ 

co  <r  'T'  0 

0 

in  ^ n in 

z 

OJ  OJ  OJ  OJ 

D 

■j  j J J' 

• • • • 

UJ 

OOOO 

l/) 

<® 

O 

_l 

• — * \j  n <r 

< 

0 

2 

r— « 

1— 

LJ 

a 

in 

0 

0 

THE 

117 


PROGRAM  TO  CALCULATE  THE  PROBABILITY  THAT  THE  MAX  CHAMBER 
PRESSUREt  PMaX.  EXCEEDS  A CRITICAL  VALUE 


t 


LlJ 

CO 

X ~ 

♦ • 

X OJ 


in 

OJ 


o 

OJ 


z 

O UJ 

z> 
in  z 
z 

UJ  I— 

X z 

HH  O 

o o 


o o o o o 


co 

UJ  ~ 

•> 

♦ UJ 

X 

•• 

M # 

t-  in 

UJ 

in  in 

CL 

iL  • 

o — 

< 

* OJ 

z 

INI  *-• 

<t  CL 

inoL 

-1 

HH 

in  il  mn 

Z UJ 

in 

cl  uj  in  * 

o o 

UJ  •«  X 

HH 

w> 

•>  ►~«X>II* 

1—  1 

H-  M »»-4 

< UJ 

CL 

hh  CL  X \ 

CL  -1 

-1 

cl  Ostin 

O CD 

UJ 

O X - CL 

UJ  < 

o 

X CL  OJ  UJ 

1-  HH 

CL  •>  < I 

Z CL 

z 

* < xn 

hh  <J 

o 

C 1-  OJ  •> 

> 

UJ 

1-  UJ  * X 

_l 

z 

-J 

UJ  •>  X O' 

< ►— 

o 

I— 

<t  o ♦ 

o z 

HH 

M 

C h hh 

HH  UJ 

1— 

t— 

i-  uj  * in 

CL  O 

— 

< 

UJ  CD  — • iL 

UJ  z 

o: 

o 

cd  » <r  » 

X UJ 

1—  — 

o 

M 

H NXK 

Z>  CL 

UJ  < 

UJ  — 

cr 

N O OJ  hh 

Z UJ 

tt  H- 

• 

i-  in 

UJ 

o *-4  CL 

o 

OJ  UJ 

o 

z • 

X 

UJ 

in  x o 

CL  Z 

O CD 

II 

hh  rvj 

<t 

-J 

in  * o x 

O HH 

O \ X 

X 

X 

>— 

> OJ  »— * (L 

Ii. 

• o hh 

u_  u. 

CL 

1— 1 

oj  r>  < » x 

UJ 

O UJ  _J 

1— 

I o - 

-1 

1— 

< • » o o 

UJ  X 

♦ ox 

< 

» • 

UJ 

• O fH  4 iH 

INI  *— 

INI  *11 

z in 

— _l 

>— 4 »— 4 ^ I * 

M 

O hH  Z 

z 

x i-  in 

UJ 

m i- 

— < UJ  - oox 

in  u. 

1-4  X 

o 

* H H 

> 

II  HH 

sf  * «-*  O h OJ 

o 

in  — * 

HH 

-H  X 

M 

O 1- 

< o •>  <x  * 

CL 

* in  * ^ 

1- 

X hh  Uj 

l— 

z 

o < o o hh 

UJ  UJ 

OJ  CL  — X 

< 

-J  INI 

CL 

UJ 

oj  • ^ ^ in 

h-  z> 

o UJ  UJ  *-4 

CL 

HH 

1-4 

•>  <f  OJ 

► - ovo  » 

in  -I 

O O O z _l 

o 

h4  *in 

CL 

0<*HiH4-|Hr40  * 

< 

UJ  * UJ  O J X 

UJ 

OJ  O 

O 

— • o » 

X — * U.  •“  X < 

UJ  > 

o o o o < • 

1— 

* x cr 

in 

•*  OJ  >o 

iH  * ^ vO  «-4  K 

t— 

*w  • 1 — | — I—  LlJ 

z 

UJ  nO  -h  uj 

UJ 

in 

— in uj 

< _i 

O -4  OJ  < « O h3 

HH 

z>  ~ ~ I- 

o 

— t— 

1 t-  X 

_i  < 

inz  \ i < *crz 

z i-  in 

< UJ 

< < uj  < 

z>  hh 

II  •-«  I 11  h Z U H 

1— 

HH  UJ  < » 

a 

OXI- 

X O X 1-  x • 

O 1— 

X X II  UJ  UJ  X X h 

CL 

XHhX  • 

< 

<CL*-*CL  < CL  hh  CL  X 

_J  hh 

*-.  < OJ  z H ^ £L  Z 

<t 

II  Z »-H  CL  x 

UJ 

UJ  O CL 

o uj  o cl  o in 

< z 

JIIOJZU.UO 

1— 

Hoaoj 

CL 

cr  u.  j 

ii.crii.2ii. 

o *-h 

XXX<X*-4>-o 

in 

XUXIl 

o 

OJ  <f  v£> 

o 

OJ  —H 

|H  iH  iH 

OJ 

OJ  OJ 

o o o 

o o o o 

o o o 

m >rin 

6 

7 

8 

9 

0 

-Hojo^-invor^co 

O*  O *-h  OJ 

r4  »— 4 *~4  »— ♦ »-H  r— 4 *— 4 ^4 

-h  OJ  OJ  OJ 

z 

o 


< 

cr 

o 

UJ 


cr 

< 


-I  OJ 

O -I 

•>  o 

#-H  » 

O OJ 

•*  o 

hH 

X X 

< < 

I—  fr— 

UJ  UJ 

< < 

I—  H- 

UJ  UJ 

CD  CD 

» » 

INI  INI 

o o 


OJ  OJ  <f 

< < OJ 

» <H 

*-#  *-h  OJ  o 

< < -I  I- 

» - o 

o o ♦ o 

< < — • o 

» •>  _J 

>-  >-  O OJ 

~ ~ ♦ o z 

h-  »-  *:  ♦ x oj 

Z UJ  Z l/l  'H  • O 

hh  _J  z>  hhO  OJ  UJ  X 

OO  Z O CL  ♦ J J * 

II  *-•  Hi  II  >-  OJ  o • V 

J bd  O h I-  ♦ J bC  li.  O II  X u_ 

j i/i  n xzx—ilo  ii  ii  ^h  — ii 

<*-*>-  II  O II  <h)-h  JL). 
omLXuxoaiLOOHiL 

OJ 


n^i/iONcoaoriwn^in^N 

ojojojojojojojnnnrjnnnn 


>- 
oj  u_ 

O I 
X o 
* UJ 
iL  O 

in  • 

HH  #—* 

cr  ii 

II  OJ 
^ 
in  in 


118 


p 


i- 

z 

tu 

X 

in 

in 

tu 

in 

in 

< 

< 

»- 

h* 

k~i 

tu 

a 

in 

CD 

o 

H 

9 

3: 

a 

9 

CL  — • 

. — . 

~ in 

< 

• • 

-1 

< 

1- 

u.  O 

O 

0 

tu 

• OJ 

» 

\ 

O LU 

O 

9-i 

X 

• >t 

» 

X 

*-» 

Ui  * 

9 < 

X 

1 

X 

» 

tu 

<r  x 

< 

X 

a 

r-H  r—i 

►— 

h- 

X 

* \ 

LU 

tu 

X y 

z 

vO  tO 

< 

M 

9 

» M 

»— 

.*■«. 

• 

1-  a 

LU 

Q 

O 

UI 

M 

CD 

z 

tu 

> 

a z 

» 

< 

O 

M 

u ►-* 

NJ 

a 

• 

t- 

a x 

»— 

O 

0 

«— 4 

O 

< 

a a a 

z 

Ht 

tu 

1 

tu 

ID 

tu  • tu 

M 

to 

t- 

< 

0 

tu 

1- 

O 

» 

z 

h- 

• 

Z 

wow 

OJ 

M 

tu 

0 

«— » 

* • X 

9 

<r 

CD 

II 

OJ 

in 

l/)  X CVJ 

♦ 

tu 

■« — 

a 

O 

0 

H 

M < iH 

* 

X 

9 

< 

K 

0 

<r  tu 

crx* 

1 

* 

< 

t— 

9 

CD 

t- 

0 

M 

MIX 

9 

X 

O 

0 • 

Li_ 

> ao 

* 

0 

in 

< x a 

O 

0 

h-  «h 

L-  * 

9 

< 

tu 

1— 

9 

0 

H 

* l/)  • 

* 

t— 

LU 

X 

a 

O Nl 

• 

OJ  ^ Ll. 

9 

> 

< 

\ 

9 

O 

O 

O U. 

a 

0 to  a • 

• 

■ — > 

3 

X 

CVJ  tu 

LU 

0 

0 

x ►-«  a 

9 

»— 

3 

W 

< 0 

O 

LU 

«*•» 

a 

* a x • 

* 

z 

< 

9 

4 

• 

• 

O — . 

0 0 

a 

— 00 

9 

M 

> 

X 

O 

in 

• M LU  LU 

tu 

CM  — CM 

* 

O 

tu 

< 

9 

• 

• 

in  ID  O O Nl 

• 

JO  ► 1 

9 

t— 

r-t 

1- 

M 

• 

• a 

• • Li- 

on  0 

9 

LU 

tu 

tu 

< 3 

0 

t- 

»-  < 0 r-»  1 

in  0 

4 » x ^ 

i— 

9 

Z 

z 

\ 

4 

• 

a *-« 

3 

id  w 

• • O 

F-i  * X 

• \D  • X 

ui  (—1 

9 

M 

1— 1 

< 

O CL 

< in 

• 

• X 

1-  1-  O O LU 

ni  tu  m f-i 

J w wQ  H 3 X 

9 

h- 

t- 

t- 

< < CD  \ 

M 

m a 

3onyniiioN 

U-  3 ^ ~ 

O ^ 

Z LU 

9 

3 

3 

tu 

II 

CD  X N 

O 

0 0 

• • O O • Du  9 Z Z 1- 

~ tU  < * 

O ►-» 

9 

O 

O 

cn  a 

X (L  It 

a 

* z 

N NO  * O 

x et  H-ui  -* 

11  hixi-h  ja 

9 

a 

a 

< a 

i M 

< 

ItlthOkN  I X 

IlDhi-I 

a *— * a 0 

Z 3 O O 

9 

CD 

CD 

11 

CD 

> a 

■HF 

“ n 

j|  ft  i-. 

HHZhS 

aao^oo<i-z* 

3 

3 

X 

X 

Lt_ 

11  a 

Li_ 

Lk_  hJ 

LUi.  O N ON  N || 

U3U. 

OOUWUJ 

9 

in 

in 

U-  CL 

HN4 

1 — 1 

i-»  |j_ 

■h  ph  0iil  0 L 0 t9ff  U 1 L 

O 

CO 

— » m n 

4 in 

r> 

O 

000 

moo 

^ oj  ro  in 

SCOOOH 

OJ 

r>  <f 

WvOMO^OHwn>tin'ON 

0 r>  >t 

<r  <r  <r  <r 

>*  <f 

>4  in  in 

in 

in  in 

wjunininovOvOvoovO'Ovo 

% 


119 


% 


EPS 

-05 

ui 

o 

o 

o 

• 

o 

o 

• 

o 

»-•  o 
i/1  o 
* o 

• o 

• 

1-  o 

CO 

VC  00 

X 

M • 

»— » 

in  o 

• 

cr  n 

<-•  • 

cr 

0 1/1 

Ui 

cr  ui 

X 

Nl 

in 

\ 

a 

M 

z n 

CO 

in 

u_ 

►i  o 

a 

CL  <— • 

1/1 

10  O 

Ui 

Ui  • 

r — • 

i- 

l-  o 

* n 
< n 

in 

in 

t- 

*-  • 

< 

Ui  — • 

o 

i/i 

X 

0—t 

o 

>* 

o 

p— • 

< o 

p-H 

• cm 

U i 

>-  o 

• 

u.  o 

00 

Ui  <-i 

in 

• K 

CD 

CD  <D  1 

o*ui< 

r«* 

o 

• 4 

X 

• 

O 

P^ 

Ui 

i m 

X 

p-4 

t- 

p— • 

p-4  • 

O 

o 

o 

z 

M O 

o 

M 

CD  O' 

• 

CO 

vc  m 

o 

Z> 

» 00 
fsl  1/1 

3 

o • 

o 

i-t  o 

X 

ID 

— o 

a 

Ui 

o 

CO 

cr 

M 

cr  ui 

rvi  o 

o n 

< 

< o 

X 'O 

o 

CD 

M 

a cd 

— • 

v£> 

in 

— O' 

P-4 

O 

r 

• O' 

X 

• 

-*-* 

u.  • 

o 

• o 

Ui 

a 

o 

X 

• 

1— 

Ui 

o 

o 

z 

M 

z 

<t  in 

o 

Ui 

v0 

cr 

z 

z> 

o 

-1 

• 

M 

i-t  o 

M 

o 

1- 

cr  i 

< 

< 

O Ui 

u_ 

cr 

X CM 

o 

a r- 

• 

Ui 

• r-* 

h- 

i- 

*-  C\J 

< 

o o 

z 

O CM 

O 

< o 

M 

• • 

CD 

X o 

< 

CD 

u. 

< 

CD 

o 

X 

u_ 

• 

a 

o 

•—* 

in 

»— 

VC 

r 

M 

in 

(/) 

X 

M 

M 

M 

cr 

cr 

120 


in  in 

CL  o 
UJ  1 

UJ 

o 

in 

o 

o 

• 

o 

o 

• 

o 

*-»  o 
in  o 
o 
* o 
♦-  o 

in 

^ o 

•— « • 

*— • 

in  o 

• 

ac  n 

t-t 

X 

o in 

UJ 

tr  uj 

X 

r>j 

o 

• 

a 

t-t 

Z o 

0C 

in 

o 

o 

o 

*— • o 

CL 

CL  O 

\ 

in  o 

UJ 

UJ  • 

:* 

<=> 

h- 

1-  O 

• r- 

in 

in 

u. 

< in 

K • 

in 

UJ  — • 

o 

sO 

»— 

r-t 

<1 

o 

<1  O 

• rvj 

o 

l-  o 

• 

u_  o 

X 

UJ  (Vi 

n 

• i 

O' 

CD  (Vi 

*- « 

Olxl* 

(M 

• vO 

*-< 

• 

o ^ 

Ui 

•— * 

00 

1 — • 

00 

•— * 

*•* « 

in 

«-4  • 

X 

•— * 

o 

o 

UJ 

*— I o 

o 

X 

in  -• 

• 

>— 

^ in 

o 

•*  in 

o 

Ni  r- 

z 

o • 

M 

•-»  o 

in 

in 

D 

•* 

— o 

UJ 

»—  o 

2 

pc 

t-l 

O 

a:  uj 

X 

PJ  (VI 

o o 

< o 

X 00 

CL 

r- 

M 

cl  GO 

in 

n 

in 

— o 

o 

• o 

• 

u_  • 

o 

• o 

o 

CL 

o 

_l 

• 

UJ 

o 

X 

Q 

UJ 

Z 

X 

<tao 

o 

*— 

00 

«— • 

z 

z 

o 

1—  o 

M 

• 

M 

*— i o 

o 

1- 

CL 

UJ 

l 

< 

O UJ 

cr 

a 

X o 

o 

CL  O 

_i 

UJ 

• O 

*— * 

i- 

1-  o 

< 

O fH 

z 

O o 

lx. 

< o 

*— * 

• • 

n 

X o 

<t 

rvj 

U. 

rvj 

O 

X 

U- 

• 

a 

o 

rvj 

in 

»- 

M 

in 

in 

X 

*— * 

M 

*— ( 

cr 

a 

-1 

121 


in  >0 

Ql  O 

UJ  » 

UJ 

4 

o 

o 

o 

o 

•— 

o 

• 

o 

o 

• 

o 

»-» o 
in  o 
^ o 
* o 
►—  o 

l/) 

L O 

M • 

l-t 

in  • 

a r> 

M I 

oin 

UJ 

a uj 

X 

fsl 

AJ 

CL 

*-• 

2 CO 

in 

*-•  h- 

AJ 

*-•  o 

CL 

CL  AJ 

in  co 

UJ 

UJ  • 

^ co 

1- 

1-  o 

• vO 

in 

in 

• 

< ^ 

X 

1-  • 
UJ  o 

• 

a 

o 

in 

\ 

AJ 

:* 

O' 

<*  o 

•-« 

• «— • 

U 

h *-< 

• 

U-  o 

UJ  ^ 

r— « 

• t 

O 

CD  AJ. 

O UJ 

LTJ 

vO 

• h- 

f 

• 

O o 

o 

o 

►- 

t vO 

< 

O' 

lH  • 

O 

o 

o 

X 

o 

c_> 

»-i  o 

o 

in  r^ 

• 

•— « 

AJ 

o 

U> 

► C\J 

CO 

rsi  vO 

CO 

o • 

H 

M O 

X 

(/) 

— o 

UJ 

UJ 

1-  o 

X 

DC 

1- 

AJ  CO 

< 

0C  UJ 
O O' 

o 

< 

X O' 

2 

O 

»-• 

cl  m 

M 

m 

in 

— CO 

in 

o 

L 

• O' 

D 

• 

ll_  • 

o 

• o 

iH 

CL 

Q 

< 

_J 

• 

o 

UJ 

o 

rH 

o 

■—4 

X 

^ m 

2 

< CO 

O 

UJ 

O' 

X 

z 

»- 

CO 

o 

i-  <r 

• 

►-»  o 

z 

o 

»- 

DC  t 

*-• 

O UJ 

DC 

X O' 

UJ 

O 

CL  00 

ct 

UJ 

• 

3 

f- 

i-  r> 

_J 

o o 

2 

O >0 

M 

< o 

*-• 

• • 

<1 

CO 

X o 

u. 

o 

U 

< 

h- 

o 

X 

u_ 

• 

CL 

o 

o 

in 

r> 

i- 

L 

*-• 

in 

in 

X 

*-* 

M 

H 

DC 

X 

-1 

4 


122 


DISTRIBUTION  -LIST 


Copy  No. 


1 

1 


1 

1 

1 

1 

1 

21 

. ! 

1 

1 

1 

1 

1 


1 


1 


1 
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Commander 

US  Army  Materiel  Development  and  Readiness  Command 

ATTN : DRCRE 

DROP A- S 

5001  Eisenhower  Avenue 

Alexandria,  VA  22333 

Commander 

US  Army  Armament  Materiel  Readiness  Command 

ATTN:  DRSAR-CG 

DRSAR-DCG 
DRSAR-LC 
DRSAR-LE 
DRSAR-CP 
DRSAR-SA 
DRSAR-PA 
DRSAR-PC 
DRSAR-PD 
DRSAR-IM 
DRSAR-OP 
DRSAR-QA 
DRSAR-IS 
DRSAR-MM 
DRSAR-MA 
DRSAR-AS 
DRSAR-SF 

Rock  Island,  IL  61201 
Commander 

US  Army  Armament  Research  and  Development  Command 
ATTN:  DRDAR-SEA 

Dover,  NJ  07801 

Commander 

US  Army  Test  and  Evaluation  Command 
ATTN:  DRSTE-SY 

Aberdeen  Proving  Ground,  MD  21005 
Commander 

US  Army  Electronics  Command 

ATTN:  DRSEL-SA 

Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Missile  Materiel  Readiness  Command 

ATTN : DRSMI-D 

Redstone  Arsenal,  AL  35809 
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1 Commander 

US  Army  Missile  Research  and  Development  Command 

ATTN:  DRDMI-DS 

Redstone  Arsenal,  AL  35809 

1 Commander 

US  Array  Tank-Automotive  Materiel  and  Readiness  Command 
ATTN : DRSTA-S 
Warren,  MI  48090 

1 Commander 

US  Army  Tank-Automotive  Research  and  Development  Command 
ATTN : DRDTA-V 

Warren,  MI  48090 

1 Commander 

US  Array  Troop  Support  and  Aviation  Materiel  Readiness  Command 

ATTN : DRDAV-BC 

P.  0.  Box  ' 

St.  Louis,  MO  63166 

1 Commander 

US  Army  Aviation  Research  and  Development  Command 

ATTN:  DRSTS-F 

4300  Goodfellow  Blvd 

St.  Louis,  MO  63120 

1 Project  Manager  for  Cannon  Artillery  Weapons  Systems 

ATTN:  DRCPM-CAWS 
Dover,  NJ  07801 

1 Commander 

.US  Army  Development  and  Readiness  Command 

Office  of  the  Project  Manager  for  Selected  Ammunition 

ATTN:  DRCPM-SA 

Dover,  NJ  07801 

1 Project  Manager  for  M110E2 

ATTN:  DRCPM-M110E2 
Rock  Island,  IL  61201 

1 Project  Manager  for  Air  Defense  Gun  Systems 

ATTN:  DRCPM-ADG 
Rock  Island,  IL  61201 

1 Product  Manager  for  Production  Base  Modification  and  Expansion 

ATTN:  DRCPM-PBM 
Dover,  NJ  07801 
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1 

Product  Manager  for  Advanced  Attack  Helicopter  Systems 

US  Array  Aviation  Systems  Command 

St.  Louis,  MO  63166 

> 1 

Product  Manager  for  AH-1  Cobra  Series  Aircraft 

US  Army  Development  and  Readiness  Command 

P.  0.  Box  #209 

St.  Louis,  MO  63166 

1 

1 

Commander 

Rock  Island  Arsenal 

ATTN : SARRI-CO 

SARRI-ADL 

Rock  Island,  IL  61201 

1 

Commander 

Watervliet  Arsenal 

ATTN:  SARWV-CO 

Watervliet,  NJ  12189 

* 

Commander 

Picatinny  Arsenal 

ATTN : SARPA-PA-S 

Dover,  NJ  07801 

1 

Commander 

Edgewood  Arsenal 

ATTN : SAREA-DE-N 

Aberdeen  Proving  Ground,  MD  21010 

1 

Commander 

Human  Engineering  Laboratories 

ATTN:  DRXHE-D 

Aberdeen  Proving  Ground,  MD  21005 

t 

1 

Commander 

US  Army  Materiel  Systems  Analysis  Activity 

ATTN : DRXSY-D 

Aberdeen  Proving  Ground,  MD  21005 

1 

Commander 

US  Army  Mobility  Equipment  Research  and  Development  Command 
ATTN : DRDME-0 

Fort  Belvoir,  VA  22060 

♦ 1 

Commandant 

US  Army  Field  Artillery  Center 

Fort  Sill,  OK  73503 
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1 


1 


1 


2 


1 


1 


1 
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12 


Commandant 

US  Army  Infantry  School 
Fort  Benning,  GA  31905 

Commander 

US  Army  Missile  and  Munitions  Center  and  School 
Redstone  Arsenal,  AL  35809 

Commandant 

US  Army  Air  Defense  School 
Fort  Bliss,  TX  79916 

Director 

US  Army  Management  Engineering  Training  Agency 

ATTN:  DRXOM-QA 

Rock  Island,  IL  61201 

Director 

US  Army-  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Lib) 

White  Sands  Missile  Range 
White  Sands,  NM  88002 

Director 

Advanced  Research  Projects  AGency 
1400  Wilson  Boulevard 
Arlington,  VA  22209 

Commander 

Defense  Logistics  Studies  Information  Exchange 
Fort  Lee,  VA  23801 

Commander 

US  Army  Logistics  Management  Center 
ATTN:  DRXMC-LS 

Fort  Lee,  VA  23801 

Commander 

US  Army  Logistics  Center 

ATTN:  ATCL-S 

Fort  Lee,  VA  23801 
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